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Sir: 

1 . I, Kieran Scott, Ph.D declare and say I am a resident of Eastgardens, New South Wales, 
Australia. 



2. I am an employee of the University of New South Wales and am a Senior Research 
Fellow. Details of my career as well as publications may be found in my curriculum vitae 

(Exhibit 1). 
Considered 
SR 9/13/2010 

3. I have been asked by FB Rice & Co, my Patent Attorneys, to provide an opinion on the 
state of knowledge surrounding the inhibition of sPLA2-IIA enzyme activity in the 
treatment of prostate cancer in 2002 and on the invention described in US 10/517,256 
(referred to below as the "Patent Application"). I have been asked in particular to 
comment on the obviousness rejections set out in the Office Action dated 12 February 
2010 issued in connection with the Patent Application. 

4. I am an inventor of the invention described in the Patent Application. 

5. I have read the Patent Application and have reviewed the claims that I understand are 
presently being considered by the United States Patent and Trademark Office. I 
understand that the claimed invention (referred to hereafter as the "Invention") relates to a 
method of inhibiting prostate cancer cell proliferation. I understand that claim 1 as 
proposed to be amended is limited to treatment of prostate cancer patients who have been 
subject to androgen ablation therapy. The importance of this invention is that it provides. 
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for the first time, a method of inhibiting the sPLA2-IIA-mediated proliferation of prostate 
cancer cells in late stage prostate cancer. 



6. I have reviewed the Office Action dated 12 February 2010 in relation to the above- 
referenced Patent Application. I understand that the Patent Office has taken the position 
that the Invention would be obvious to a person skilled in the art in light of Graff et al. 
(2001), when combined with the disclosures of Church et al. (2001), Attiga et al. (2000), 
Liu et al. (2000), or Kelavkar et al. (2001). 

7. Graff et al. is cited as disclosing that "enhanced sPLA2-IIA expression may be involved 
in the malignant progression of human prostate cancer and suggests that specific inhibitors 
of the group I1A sPLA2 may be useful for prostate cancer chemotherapy." Church et al. 
is cited as disclosing cyclic peptide inhibitors of sPLA2-TIA. Attiga et al. is cited as 
disclosing that invasion of prostate cancer cells (i.e. PC-3 and DU-145 cells) is inhibited 
by a PLA2 inhibitor, a general COX inhibitor and a selected COX-2 inhibitor. Liu et al. is 
cited as disclosing a COX-2 inhibitor. Kelavkar et al. is cited as disclosing a 15- 
lipoxygenase inhibitor. 

8. It is my understanding that the Patent Application and the cited publications are to be 
viewed from the perspective of one of ordinary skill in the art in the relevant field (a 
"Skilled Person") at the time of filing of the Patent Application in question. I have been 
asked to consider this time to be the period around or before 7 June 2002 (the "Relevant 
Period"). I would expect a Skilled Person in the field of arachidonic acid metabolism in 
prostate cancer during the Relevant Period to have been represented by a scientist with a 
Ph.D. degree in Biochemistry and/or at least 3 to 5 years experience in the field of 
Biochemistry, or an educational background at the same degree level in a related field and 
equivalent level of experience. 

9. I am very familiar with the technical field of the claimed invention. I am qualified to 
analyze literature in this field and to provide my opinion as to what literature in this field 
discloses or suggests to the Skilled Person at the Relevant Period. 

10. By the Relevant Period I had attained at least the level of such a Skilled Person, and 
further in view of my qualifications discussed above, I believe that I am qualified by 
training and experience to address what a Skilled Person would have understood from 
reading the Patent Application and the cited publications. 
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1 1 . None of the documents referred to in paragraphs 6 and 7 above suggest to me now or 
would have convinced me in June 2002 that inhibiting sPLA2-TTA-mediated proliferation 
of prostate cancer cells would produce a successful treatment for late stage prostate 
cancer. These documents are at best a collection of papers describing inhibitors of 
unrelated enzymes, with a paper describing that sPLA2-IIA expression is elevated in 
malignant progression and progression to androgen-independence and a paper describing 
cyclic peptide inhibitors of sPLA2-IIA thrown into the mix. 

12. Further, if it had been suggested to me before the present invention that inhibiting the 
sPLA2-IIA-mcdiatcd proliferation of prostate cancer cells after androgen ablation therapy 
would produce a successful treatment for late stage prostate cancer I would have been 
skeptical based on my knowledge at the time of the role of sPLA2-IIA in prostate cancer. 

Overview of progression of prostate cancer 

13. Figure 1 (shown below) is a schematic diagram of the main events in the overall 
progression of prostate cancer. It is well known in the art that malignant progression of 
prostate cancer cells (i.e. early stage prostate cancer) is both biochemically and 
functionally distinct from late stage (terminal) prostate cancer. 

Figure 1. 
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14. Malignant progression is defined as the process by which cells progress from being 
benign (i.e. not malignant or harmful) to a state of being malignant. Malignancy is 
defined in oncology as a state in which cancer cells invade and destroy nearby tissue and 
spread (metastasize) to other sites in the body. It is recognised that cancer cells must 
acquire at least six functionally separable capabilities to be tumorigenic. Tissue invasion 
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and metastasis is just one of several necessary additional functional capabilities that must 
be acquired by tumours for them to be malignant. This function requires the activation of 
classes of molecules such a secreted proteases (eg matrix metalloproteases) and cell-cell 
adhesion molecules (e.g. E-cadherin) that are not required for the well characterised cell 
cycle machinery that regulates cell proliferation (Hanahan and Weinberg (2000); Exhibit 
2). 

15. Local tissue invasion is followed by metastasis, thus completing the process of malignant 
progression. When tumor cells metastasize, the new tumor is called a secondary or 
metastatic tumor. At this stage, on diagnosis, most prostate cancers arc still androgen 
dependent and are treated by either chemical or surgical androgen ablation therapy. 
Progression to androgen independence subsequently occurs and patients with androgen- 
independent prostate cancer are described as having hormone refractory prostate cancer 
(HRPC) at this stage because they fail to respond to antiandrogen therapy. Progression to 
androgen independence in clinical cases therefore occurs after malignant progression (i.e. 
after tissue invasion and metastasis) has begun. 

The present invention compared to Graff et al. 

16. The Patent Application is directed towards (i) the inhibition of proliferation of prostate 
cancer cells and (ii) in cells of subjects who have been subjected to androgen ablation 
therapy (see Example 1 of the Patent Application). In other words, the Patent Application 
relates to the inhibition of the proliferation of prostate cancer cells following androgen 
ablation therapy after progression to androgen-independence has occurred (i.e. treatment 
of late stage prostate cancer). 

17. There is nothing in Graff et al. that suggests that inhibition of sPLA2-IIA enzyme activity 
would produce a successful treatment for late stage prostate cancer as claimed in the 
Patent Application, i.e. following androgen ablation therapy and after progression to 
androgen-independence has occurred (see Figure 1 above). 

18. Graff et al. is clearly directed towards malignant progression of prostate cancer, i.e. early 
stage prostate cancer, as outlined in Figure 1 above (sec for example Conclusions, page 
3857; Results and Discussion page 3859; and last paragraph of Results and Discussion on 
page 3860 of Graff et al ). 
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19. At most, Graff et al. suggests that inhibitors of sPLA2-IIA may be useful in treatment of 
early stage prostate cancer - in other words, to inhibit progression of malignancy and 
progression to androgen-independence. There is nothing to suggest that these inhibitors 
would be useful after progression to malignancy and androgen independence has 
occurred. At that stage, the Patent Application shows it becomes necessary to target a 
different biochemical mechanism such as cell proliferation. There is no evidence in Graff 
et al. to suggest that inhibitors of sPLA2-IIA would be effective at inhibiting proliferation 
of prostate cancer cells that have already progressed to malignancy and androgen 
independence. 

20. There is nothing in Graff et al. to suggest that inhibition of the proliferation of prostate 
cancer cells will be a successful treatment for late stage prostate cancer, as claimed in the 
Patent Application. 

21. Malignant progression and progression to androgen-independence (as discussed in Graff 
et al.) are both biochemically and functionally separable from the process of cellular 
proliferation (as claimed in the Patent Application). For example, aberrant cell 
proliferation, though necessary, is not sufficient for malignant progression. 

22. Tumour growth is the result of a balance between the rate of cell proliferation and the rate 
of programmed cell death (apoptosis). Tumour growth can therefore be increased not 
only by increasing the rate of cell proliferation (as the present inventors have shown for 
SPLA2-1TA), but by changes that reduce the rate of apoptosis. 

23. On this point, the reference 29, cited in the last paragraph of Graff et al. (Denmeade et 
al., 1996; Exhibit 3) shows that a major determinant of increased tumour growth in 
prostate cancer may not be increased rate of proliferation but enhanced cell survival due to 
suppression of cell death mechanisms (apoptosis). This prior art, cited in the last 
paragraph of Graff et al. therefore would suggest to the Skilled Person to try a known 
inhibitor of apoptosis as a treatment for prostate cancer. 

24. The last paragraph of Graff et al. states: "This report therefore provides compelling 
evidence that enhanced sPLA2-IIA expression may be involved in malignant progression 
of human prostate cancer and suggests that specific inhibitors of the group IIA sPLA2 
may be useful for prostate cancer chemotherapy." 
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25. This conclusion is based on findings that: (i) "the expression of Group IIA sPLA2 is 
specifically increased with progression of human prostate cancer cells to androgen 
independence"; (ii) "sPLA2-IIA expression is dramatically increased in primary, high- 
grade prostate cancers"; (iii) "this increase is related to the increased proliferative index 
that typifies the more advanced CaPs (26, 29)"; and (iv) "sPLA2-IIA expression is 
inversely related to 5 -year patient survival". 

26. Finding (i) by Graff is based on observations that the sPLA2-IIA expression levels are 
increased in androgen independent variants relative to their androgen-dependent parent 
cells. The androgen independent variants have been derived by selection cither for 
androgen independent growth in culture or have been selected for andro gen-independent 
growth of androgen-dependent tumours in immune-deficient mice (following castration). 
While the cell lines examined in Graff satisfy the criteria for progression to androgen 
independence in culture, it is important to note, they have not been directly derived from 
patients who have been subjected to hormone ablation therapy, but have been derived 
from androgen-dependent prostate cells by ex vivo manipulation. They therefore do not 
directly derive from hormone refractory patients and thus do not address the issue of 
whether sPLA2-IIA remains upregulated in patients who have been subjected to hormone 
ablation therapy. 

27. The data in the Patent Application identify sPLA2-IIA as remaining upregulated in 
patients following hormone ablation therapy and thus link treatment with inhibitors 
directly to patients post hormone ablation therapy. Because, in these studies, the cancer 
cells have also failed to be removed by hormone ablation therapy they have very likely 
already undergone progression to androgen independence. In addition, the biochemical 
mechanisms by which progression to androgen independence occurs are highly 
heterogeneous, with at least five different pathways by which androgen independence can 
develop being recognised (Feldman and Feldman (2001); Exhibit 4). Thus in vitro 
progression to androgen independence of clonal cells in culture (as discussed in Graff et 
al.) is not necessarily predictive of progression to androgen independence in vivo. The 
Patent Application shows that sPLA2-IIA levels remain elevated in prostate tissues post- 
hormone ablation therapy (androgen withdrawal), thus establishing that sPLA2-IIA 
remains elevated in the clinical entity hormone refractory prostate cancer, rather than the 
laboratory entity of androgen independence. 
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28. In contrast to the cell culture studies in Graff et al., the studies on tissue levels of sPLA2- 
TTA in Graff et al. relate to malignant progression if you compare patients with benign 
prostate hyperplasia (BPH) (non-malignant cells) relative to patients with low grade or 
high grade localised cancer (malignant cells). However, these tissue studies do not relate 
to progression to androgen independence since the androgen status of the patients is 
unknown. Rather, the studies on tissue levels of sPLA2-IIA described by Graff et al. 
relate to malignant progression in comparing patients with BPH relative to patients with 
primary cancer. 

29. Finding (ii) by Graff is based on comparison of benign prostatic hyperplasia tissues (non- 
malignant) with "low" grade (mean Gleason score 4.6) and "high" grade (mean Gleason 
score 7.0) primary tumours. Again, these studies relate to early stage prostate cancer. 

30. Finding (iii) is based on the observation that a marker of cell proliferation (Ki67) is 
higher in prostate tissues that showed uniform sPLA2-IIA compared to prostate tissues 
that showed focal staining. It should be noted that of the 19 tissues with uniform staining, 
8/19 (42%) were from patients with benign prostate hyperplasia (BPH) (non-malignant) 
(Table I). Thus the association with proliferation index does not in fact relate to 
malignant progression at all, since almost half of the tissues in the group studied are non- 
malignant. The relationship between "uniform sPLA2-IIA staining" and proliferation 
index could equally apply to non-malignant tissues. It is clear that this analysis in Graff et 
al. does not represent advanced prostate cancers, but a combination of benign prostatic 
hyperplasia (BPH) and cancer tissues. 

31. Further, reference 29, cited in the last paragraph of Graff et al. to back up the conclusion 
in (iii), teaches that "The transition of late-stage high-grade PIN cells into growing 
localised prostatic cancer cells involves no further increase in Kp [i.e. the rate of 
proliferation] but is due to a decrease in Kd" [i.e. the rate of cell death/apoptosis] (page 
258, column 1, para 2., Denmeade et al., 1996; Exhibit 3). Accordingly, the references 
quoted in the final paragraph of Graff et al. in fact would suggest to the Skilled Person 
that targeting cell proliferation after malignancy progression would not be useful in 
treating late stage prostate cancer. 
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32. Finding (iv) does not show or suggest that inhibition of sPLA2-IIA-mediated 
proliferation will be of benefit, since as outlined above there are several ways tumours can 
be induced to regress that do not involve suppression of proliferation. 

33. In fact, subsequent publications by Graffs research group have shown that elevation of 
SPLA2-IIA expression occurs even earlier than the primary cancer stage, before malignant 
progression (see Jiang et al. 2002; Exhibit 5). Exhibit 5 shows that sPLA2-IIA expression 
is elevated in low grade and high grade prostatic intraepithelial neoplasia (PIN), a 
condition which occurs in the early stages of prostate cancer (see Figure 1 above). This 
simply confirms what I believe a Skilled Person would understand from Graff et al. that 
SPLA2-11A expression is elevated during the early stage of prostate cancer and is involved 
in progression toward malignancy and androgen independence. There is nothing in Graff 
et al. to suggest that sPLA2-IIA is elevated or would be a useful target in late stage cancer 
when progression to malignancy and androgen independence is already complete and 
other biochemical processes come into play. 

34. I believe the Skilled Person in the art would not have been motivated to treat late stage, 
prostate cancer in patients who have been subjected to androgen ablation therapy based on 
the findings of Graff et al. The Patent Application is directed to treating a completely 
different class of patients (i.e. terminal/late prostate cancer patients who have been 
subjected to androgen ablation therapy) than the class of patients to which Graff et al. 
relates (i.e. prostate cancer patients with early stage prostate cancer who have not been 
subjected to androgen ablation therapy). As such, Graff et al. would not have motivated 
the Skilled Person to use inhibitors of sPLA2-IIA to treat late stage prostate cancer in 
prostate cancer patients who have been subjected to androgen ablation therapy. 

35. Attiga et al. shows that invasion of prostate cancer cells is inhibited by a PLA2 inhibitor, 
a general COX inhibitor and a selected COX-2 inhibitor. Liu et al. relates to a COX-2 
inhibitor and Kelavkar et al. relates to a 15-lipoxygenase inhibitor. A Skilled Person 
would not have found it obvious to take the findings of any of these references, which 
relate to completely different enzymes, alone or in combination with Graff et al. or 
Church et al., with a reasonable expectation of successfully arriving at a method for 
treating sPLA2-IIA-mediated proliferation of late stage prostate cancer in patients who 
have been subjected to androgen ablation therapy. 
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36. Finally, the Patent Application is directed towards inhibition, of the ability of the sPLA2- 
IIA polypeptide to catalyse the hydrolysis of membrane phospholipids at the sn-2 position 
to release fattv acids and lysophospholipids. Neither Graff et a!., nor any of the AUiga, 
Liu, Kelavkar or Church references, show or suggest which activity of the enzyme must 
be inhibited, as presently claimed. Further, neither Graff et ah, nor any of the Attiga, Liu, 
Kelavkar or Church references, show or suggest which form of the enzyme should be 
inhibited, as presently claimed. 

37. In view of all of the above, I believe that the claimed subject matter of the Patent 
Application would not have been obvious to a Skilled Person at the Relevant Period. 

38. I hereby declare that all statements made herein of my own knowledge are true and thai 
all statements made on information and belief are believed to be true; and further that 
these statements were made with the knowledge that willful false statements and the like 
so made are punishable by fine or imprisonment, or both, under § 1001 of Title XVM of 
the United States Code, and that such willful false statements may jeopardize the validity 
of the Patent Application or any patent issuing thereon. 



Dak Nairn: 
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Curriculum Vitae: Dr Kieran F. Scott (April, 2010). 



1. Name and contact details. 

SCOTT, Dr Kieran Francis 
Department of Medicine 

St Vincent's Hospital Clinical School, UNSW 

L5 De Lacey Bldg, 

St Vincent's Hospital 

Darlinghurst, 

NSW 2010. 

AUSTRALIA 

M: +61419143647 

H: +61 2 8347 1756 

E: kieran.scott@unsw.edu.au 



2. Citizenship, Date of Birth, Gender 

Citizenship: Australian and New Zealand 
DOB: 1st April, 1957. 
Gender: male 

3. Academic qualifications 

PhD in Genetics. Australian National University. Awarded 1983. 
BSc (Hons I) Massey University New Zealand. Awarded 1979. 

4. Current Appointment 

2007- Present. Senior Research Fellow (0.3 FTE), St Vincent's Hospital Clinical School, The 
University of New South Wales. 

5. Previous appointments 

1983. Visiting Fellow, Centre for Recombinant DNA Research, Research School of 
Biological Sciences. Australian National University. 

1984. Postdoctoral Fellow, Genetics Department, Research School of Biological Sciences, 
Australian National University. 

1985-1988. Research Fellow, Genetics Department, Research School of Biological Sciences, 
Australian National University. 

1988-1991. Senior Scientist, Pacific Biotechnology Ltd., Sydney. 
1992. Research Fellow, Garvan Institute of Medical Research, Sydney. 
1992-2000. Senior Research Fellow, St Vincent's Clinical School, UNSW 
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2000-2001. Senior Research Officer Arthritis Programme, Garvan Institute of Medical 
Research. 

2002-2006. Senior Research Fellow, St Vincent's Clinical School, UNSW 
2006-2007. Senior Research Fellow (Honorary), St Vincent's Clinical School, UNSW 



6. NHMRC research support (Total Support, $ 1.653M) 

1993-1995 The production of a recombinant immunotoxin with potential utility in leukaemia 
therapy. $43,000 p.a. Chief Investigators, A/Prof. K Atkinson, Prof. J. Biggs, Dr. P. Kearney, 
Dr. K. F. Scott. 

1993-1995. The study of phospholipase A 2 in labour onset. $100,000 p.a. Chief 
Investigators: Dr. G. Rice, Dr K. Scott, Prof. S. Brennecke and Prof. G. Thorburn. 

1995-1997. The role of human type II secretory phospholipase A 2 in rheumatoid arthritis. 
$103,000 p.a. Chief Investigators, Dr K.F. Scott and Prof. P.M. Brooks. 

1998-2000 Modulation of cytokine-mediated inflammatory responses by human type II 
phospholipase A 2 . $130,000 p.a. Chief Investigators: Dr K F Scott and Prof P Brooks 

2003-2005. Mechanism of action of secreted phospholipase A 2 and its inhibition in 
inflammation. $175,000p.a. Chief Investigators, Dr K.F. Scott, Prof. G.G. Graham, A/Prof 
H.P. McNeil. 

7. Research support from other sources. (Total Support $6.42M) 



1993. Arthritis Foundation of Australia Grant in Aid. Phospholipase A 2 in arthritis. $6,000. 
Dr. K.F. Scott, Prof. P.M. Brooks . 

1993. ARC Small Grant Scheme. Structure-function studies on secretory phospholipase A 2 . 
$12,000. Dr. K.F. Scott and Dr. P. Curmi. 

1993. Rebecca Cooper Foundation. Phospholipase A 2 in arthritis. $ 10,430. Dr. K. F. Scott 
and Prof. P.M. Brooks. 

1994. ARC Small Grant:- Structure -function studies on secretory phospholipase A 2 . $12,000. 
Chief Investigators, Dr. K. F. Scott and Dr. P. Curmi. 

1995-1997 Syndicated R&D Programme:- Phospholipase A 2 inhibitors. Chief Investigators, 
Dr K. F. Scott, Prof. P. Brooks and Prof. J. Shine $1 .03M p.a. 

1996 UNSW Capital Grant:- Macromolecular crystallographic analysis facility. $815,000. 
Dr P. Curmi, Dr K. Scott et al. 

1996 Small ARC grant:- Transcriptional control of secretory phospholipase A 2 gene 
expression. $10,000. Dr K. Scott 
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1996 Viertel Foundation. Molecular modelling equipment. $100,000. Prof. R.M. Graham, 
Dr P. Reik, Dr. D. Ogg, Dr B. Church, Dr O. Scott., Prof. P. Brooks, Dr T. Iismaa, Dr H. 
Herzog, Prof. J. Shine. 

1997 UNSW Capital Grant:- Resources for structural biology. $250,000. Dr. P. Curmi and 
Dr K.F. Scott. 

1997 Rebecca Cooper Foundation:- $11,000. Transcriptional control of secretory 
phospholipase A 2 gene expression. Dr K. F. Scott. 

2000 Glaxo- Wellcome: $35,000. Detection of transcripts encoding enzymes of the 
eicosanoid biosynthetic pathway in cells from human blister fluids. Dr K.F. Scott 

2000- 2001. Smithkline Beecham (Australia and UK) $70,000. The effect of paracetamol on 
prostaglandin production by human rheumatoid synovial cells in culture. Dr G.G. Graham 
and Dr K. F. Scott 

2001- 2002 GlaxoSmithkline (Australia and UK) Dr G.G. Graham and Dr K. F. Scott 
$50,000 The effect of paracetamol on prostaglandin production by human rheumatoid 
synovial cells in culture. 

2001-2002. Rebecca Cooper Foundation. $15,000. Dr K. F. Scott. Research on 
phospholipase A 2 . 

2004-2006. Department of Veterans Affairs. Dong Q, Scott K. F., Graham G and Russell PJ: 
$490,500. Oncogenic action and therapeutic potential of PLA 2 in prostate cancer. 

2007-2009. NSW Cancer Council. Scott K. F., Graham, G. G., Dong, Q., Russell, P. J., 
$300,000 Secreted phospholipase A 2 in prostate cancer. 

2009. St George Medical Research Foundation. Galettis, P. Scott, K. F. Graham, G.G., 
Liauw, W., De Souza, P. $20,000 A Quantitative assay for novel compounds that show 
promise as oral treatments for advanced prostate cancer. 

2009. UNSW Major Research Equipment and Infrastructure Initiative. Power, C, Housley, G., 
Apte, M., Bertrand, P., Carrive, P., Crowe, P., Gunning, P., Haber, M., Hardeman, E., Hogg, 
P., Grimm, M., Geczy, C, Kavalaris, M., Khachigian , Lock, R., McNeil, P., Scott, K. F., 
Walsh, W., Yang, L., Rae, C. $769,000 Positron Emission Tomographic (PET) scanner and 
associated infrastructure. 



2010-2012. Prostate Cancer Foundation of Australia, de Souza, P. Scott, K. F. Young, P. , 
Graham, G. G., Liauw, W., Russell, P. J. $450,000. A translational and pharmacokinetic study 
of a novel orally-active, targeted treatment for hormone refractory prostate cancer. 



8. Competitive Industry grants (Total Support $2.1M) 
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1988. Generic Technology Grant from the Department of Industry Technology and 
Commerce (DITAC) in 1988 entitled "Recombinant biosynthesis of multi-subunit proteins 
requiring post-translational modification for biological activity". $1,004,025. Principal 
Investigator, Dr. K.F Scott. Associate Investigators, Dr. L. Lazarus, Dr. J. Shine, Dr. P Gray, 
Dr. M. Stuart. 

1990. Discretionary Grant from DITAC entitled "Therapeutic monoclonal antibody for 
treatment of septic shock". $1 ,080,050. Project Leader, Dr. K.F.Scott, Principal Researchers 
Dr. A. Protter, Prof. P. Gray, Dr. I. Rajkovic. 

9. Publications (Total citations, 1391 , average citation rate 26.75, H-index 23) 

42 original papers in peer-reviewed journals 
12 invited reviews 
2 book chapters 

19 conference proceedings papers 
89 presentations at meetings. 

17 patents:- 11 patents issued, 1 pending, 5 filed/lapsed 



10. Teaching Experience. 

My academic career in research has been intimately associated with the teaching life of the 
Universities I have been associated with, particularly in the training of graduate and post-graduate 
students. During my early years as a postgraduate student and post-doc at the Centre for 
Recombinant DNA Research at the ANU, I developed and lectured in training courses in both 
theoretical and practical aspects of molecular biological techniques. 1 was a guest lecturer in the 
Department of Botany, ANU and gave several lectures per year in a variety of courses. During my 
post-doctoral years at ANU I directly supervised three PhD students (see Detailed CV), all of whom 
remain in research and/or teaching at Australian Institutions. I also supervised three honours 
students in this time. During my time in industry I cosupervised two PhD students and since 
returning to academia in 1992 I have supervised four PhD students, one of whom won the Campion 
Ma Playoust Award for his thesis presentation from the Australian Society for Medical Research. I 
have supervised four Masters students and four Honours students. Since 2002, 1 have assisted in the 
design and execution of practical courses for the Masters in Biopharmaceutical development, 
UNSW and have been a mentor and examiner for students in the UNSW postgraduate course 
"Molecular Basis of Disease". 

11. Research Experience 

My early research training was in molecular genetics in the laboratory of Prof. John Shine. I 
developed a novel method for cloning and characterising bacterial genes involved in plant-microbe 
interactions using random insertional mutagenesis with the transposable element Tn5 (Journal 
Article 4). The physical properties of Tn5 enabled the DNA flanking the site of insertion of the 
transposon to be cloned and sequenced. The wild- type allele could then be isolated from a genomic 
library of bacterial DNA and used to correct the phenotype of the mutant bacterium. These 
experiments were one of the earliest examples of the demonstration of Koch's postulates using 
molecular techniques. This system continues to be widely used in bacteria and approaches like this 
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were the conceptual forerunners to the development of gene knockout techniques in animals. I was 
the first to clone and characterise the genes encoding nitrogenase, the central enzyme in the entry of 
elemental nitrogen into the biosphere. (Journal Articles 1, 6, 7, 9) Through these studies 1 gained 
experience in gene cloning and characterisation, bacterial genetics, and plant biochemistry. I used 
this experience in my post-doctoral period to clone and characterise genes involved in the 
recognition of non-legume plants by bacteria. This work resulted in the discovery of a new 
nodulation gene nodK (Journal Article 10). These studies also resulted in the issuing of several US 
patents, in particular, one that described the development of a bacterial strain that resulted in 
increased plant yield over its parent strain, a key goal of genetic manipulation studies in biological 
nitrogen fixation. 

In 1988 I changed careers and moved to industry. My research interests were in the area of 
understanding the role of phospholipase A2 (PLA 2 ) in the pathogenesis of inflammatory diseases 
such as septic shock and rheumatoid arthritis. The work was focused on the development of useful 
antibody-based PLA2 antagonists and has led to some exciting basic discoveries. We expressed a 
newly identified human group IIA secreted PLA2 (hGIIA), developed a purification strategy for 
hGIIA and raised murine monoclonal antibodies to both linear and conformational epitopes of the 
molecule (Conference Proceedings 19). Two of these antibodies formed the basis for the 
development of a sensitive and specific sandwich ELISA which has been used to quantify hGIIA 
levels in circulation of patients with arthritis (Journal articles 18,19) and septic shock (Journal 
articles 17, 20). This study also showed for the first time that the PLA2 activity associated with the 
onset and severity of septic shock is identical to that associated with the severity of rheumatoid 
arthritis. The ELISA we developed is in use in several laboratories around the world. Recently, 
with the discovery of at least eleven human forms of secreted PLA 2 and the observation that our 
ELISA is specific for the hGIIA form (Review 2), the clinical studies described here remain 
important in the field, identifying this form as being associated with inflammatory conditions in 
humans. Two of our antibodies neutralise SPLA2 in in vitro activity assays (Conference 
proceedings 18,19). The antibodies also show positive effects on blood pressure in a baboon model 
of severe septic shock (unpublished data). This work led to the view that hGIIA is a contributor to 
the pathophysiology of septic shock and may be implicated in the progression and severity of other 
immune-mediated inflammatory disorders with which it has been clinically associated including 
asthma, Crohn's disease, psoriasis and more recently, coronary artery disease and prostate cancer. 
During this time in industry I gained experience in mammalian and bacterial expression systems, 
scale-up production, purification and analysis of recombinant proteins, production and screening of 
monoclonal and polyclonal antibodies, antibody-based assays, animal models of inflammation in 
rabbits, rats, mice and baboons and experience in lipid mediator and enzyme biochemistry. 

I moved back to academic research in 1992 to continue my research interest in understanding the 
mechanism of PLA 2 action in the pathogenesis of rheumatoid arthritis. In collaboration with Prof. 
Peter Brooks I have gained experience in the design, execution and analysis of clinical studies with 
arthritis patients (Abstract 37). Using immunohistochemistry, confocal microscopy (through 
collaboration with Prof. Anne Cunningham) and in situ hybridisation with human synovial tissue, 
we have shown that the induction of hGIIA protein expression in the synovium is associated with 
histological markers of inflammation (journal article 34). Through collaboration with Prof, 
Pruzanski and Dr Vadas at the Wellesley Hospital, Toronto and Dr Greg Rice, Royal Women's 
Hospital, Melbourne I quantified the levels of hGIIA in various diseases and in association with 
labour onset. These studies have established the Group IIA isoform of PLA 2 as a predominant 
secreted form in these conditions. I have also gained experience in collagen-induced arthritis 
models in rats and mice and carrageenan-induced acute inflammation models in rats. These models 
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were used in the preclinical evaluation of peptide-based agents that I performed under contract to 
industry (unpublished data and Abstract 50) . 

1 have further developed my protein biochemistry experience and knowledge in the area of lipid 
mediators. A highlight of this work was the discovery of synthetic peptide inhibitors of hGIIA 
(Journal Article 28). These studies identified that synthetic peptides derived from the native 
sequence of hGIIA from different species were specific inhibitors of the enzyme from which they 
were derived, a process we have termed "native peptide inhibition". Recent developments in this 
work have generated potent cyclic peptide inhibitors of hGIIA function (Abstracts 63, 65, 67, 69, 
71, Journal Article 38). These studies are particularly important since they raise the possibility of 
developing isoform-specific sPLA 2 inhibitors that may be useful in defining the relative roles of the 
eleven known human sPLA 2 variants. This work, in collaboration with Dr Bret Church (now with 
the Department of Pharmacy, University of Sydney), Dr Albert Tseng and Adam Inglis, has given 
me experience with molecular modelling, surface plasmon resonance and further developed my 
experience in protein and peptide biochemistry. 

My work on the mechanism of action of hGIIA in rheumatoid fibroblast cell function, has shown 
that exogenous hGIIA, at concentrations found in the synovial fluid of patients with arthritis, 
upregulates TNF-a-stimulated PGE 2 production by superinduction of the cPLA 2 -a/cyclooxygenase- 

2 pathway (Abstracts 61, 64, Bidgood et al., J. Immunol, 2000). The mechanism of this 
superinduction is completely unknown. Further, hGIIA alone upregulates COX-2 without enhanced 
PGE 2 release or induction of the known pathways involved in COX-2 upregulation such as the p38 
mitogen activated kinase pathway of nuclear factor-KB mobilisation (Abstract 70, Bryant et al., 
manuscript submitted). Rather, hGIIA activates the ERK mitogen activated kinase pathway in these 
cells. Given the known role of the ERK pathway in activation of gene expression, these findings 
suggest that hGIIA may have broader effects on synovial cell function than upregulation of the 
prostaglandin pathway alone (Abstract 72). Further, we have recently shown that hGIIA is rapidly 
internalised by rheumatoid synovial fibroblasts, raising the possibility that sPLA 2 effects may be 
mediated by a receptor-dependent mechanism. It is important to define this pathway in synovial 
fibroblasts since it may be a novel mechanism by which hGIIA and possibly other secreted proteins, 
may modulate intracellular signal transduction pathways. These studies have given me experience 
and further developed my knowledge of cytokine signalling pathways, cytoskeletal cell biology, 
endocytotic pathways, confocal microscopy, primary cell culture, gel shift assays and the use of 
phospho-specific antibody techniques. 

In the last several years I have established a successful collaboration with Prof Garry Graham, 
Department of Physiology and Pharmacology, UNSW which has attracted industry support for our 
studies on the mechanism of action of the commonly-used and cost-effective analgesic, 
paracetamol. These studies have shown that paracetamol is a potent inhibitor of cyclooxygenase-2- 
dependent prostaglandin synthesis in human rheumatoid synovial cells (Review 3). I have also been 
successful in obtaining industry support to develop methods for detecting gene expression in cells 
derived from human blister fluid in response to UV-induced inflammation using real time RT-PCR. 
I also cosupervised a PhD student (Megan Taberner) working on global gene expression in synovial 
cells using DNA microarrays (publication 40). 

In collaboration with Dr Bret Church, my most recent PhD student, Dr Lawrence Lee has solved six 
X-ray crystal structures of hGIIA protein cocrystallised with both peptide and non-peptide hGIIA 
inhibitors . This work has identified important structural features induced by binding of inhibitors to 
hGIIA that may modulate newly-identified enzyme activity-independent effects of hGIIA 
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selectively over enzyme activity-dependent effects. These studies may lead to the design of a new 
class of selective hGIIA inhibitor. 

In recent years, in collaboration with Dr Qihan Dong, Department of Mediciane, University of 
Sydney, Prof Garry Graham, and Prof Pam Russell, (Oncology Research Centre, Prince of Wales 
Hospital), we have identified and validated hGIIA as a target for therapy in advanced prostate 
cancer (publication 39). Following on from this work, we have now shown that our cyclic 
pentapeptide inhibitors of hGTIA can induce complete regression of androgen insensitive tumours 
on oral administration in a xenograft model of prostate cancer (manuscript in preparation). These 
findings confirm the potential of this approach as a novel treatment for patients with advanced 
prostate cancer, a disease that claims 3000 lives per year in Australia and we hope to initiate clinical 
trials of our approach in the near future. To this end we have established a collaboration with dr 
Paul Young, Department of Pharmacy, University of Sydney to examine formulation approaches to 
these compounds . 
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12. Detailed Curriculum Vitae 

(a) Academic Background 

1978 Undergraduate training in chemistry and biochemistry, Massey University, New Zealand. 

1978 New Zealand Institute of Chemistry prize for Biochemistry, New Zealand. 

1979 BSc (Hons T) in Biochemistry Massey University, New Zealand. 
1979 Massey Scholarship, New Zealand 

1979 University Grants Committee Postgraduate Scholarship, New Zealand 

1980 ANU Postgraduate Scholarship, Canberra, Australia 

1983 PhD in Genetics, Australian National University. PhD thesis title: Symbiotic Nitrogen 
Fixation in Rhizobium: :A Molecular and Genetic Analysis. 

1984 J. G. Crawford Prize for PhD thesis, Canberra, Australia. 

(b) Postgraduate training 

Following my graduate training in gene cloning, I chose to continue research into the cloning of 
genes important in biological nitrogen fixation. This choice was made because at that time, the 
Research School of Biological Sciences was at the forefront of gene cloning technology and 
analysis in my field and I was keen to pursue the question of which bacterial genes were important 
for nitrogen fixation in nonlegume plants. After one year as a visiting fellow and one year as a post- 
doctoral fellow at ANU, I was appointed a Research Fellow in the Genetics Department of the 
Research School of Biological Sciences. During the three years of this appointment I further 
developed my gene cloning and characterisation expertise, established a number of successful 
collaborations, cosupervised several PhD students and was successful in obtaining independent 
peer-reviewed funding, notably a team leader's grant in the ARC National Research Fellowship 
scheme. My publication record in this period was steady with a well-cited sole author paper 
(Journal Article 10) published during this time. These studies also resulted in the issuing of several 
US patents. In particular, I am sole inventor on a patent describing a method for increasing the 
growth and yield of plants by inoculation with a genetically-modified bacterium which was never 
published in the academic literature. 

In 1988 I changed fields and careers and was recruited to industry with a small startup 
biotechnology firm Pacific Biotechnology, Sydney. I gained experience in protein expression in 
bacteria and mammalian cells, protein purification and analysis, monoclonal antibody production 
and characterisation, ELISA and enzyme activity assay development, animal models of 
inflammation, particularly in rabbits, rats, mice and baboons and clinical studies in humans. These 
skills were used in several project areas including expression of follicle stimulating hormone, 
development of novel antibody-based anti-leukaemic drugs and development and preclinical trial of 
monoclonal antibodies to secretory phospholipase A 2 . This change of field and movement to 
industry resulted in a break in my academic publication record for two years. Much of the work 
carried out in this period has not been published in the academic press. 

I then moved to take up an academic research position in the Department of Medicine, St Vincent's 
Clinical School, The University of New South Wales. During this time I built and staffed 
laboratories in the Medical Professorial Unit at St Vincent's Hospital, funded primarily by a 
successful R&D syndicate proposal based on the development of novel inhibitors to secretory 
phospholipase A2 (hGIIA). These laboratories were moved to the Garvan Institute in 1997 and are 
now located on Level 10 of the Garvan Institute Bldg, Sydney where I becam a founding member of 
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the Arthritis and Inflammation Research Programme of the Garvan Institute. During this time I 
have extended my research into the mechanism of action of hGIIA in human rheumatoid cells (see 
Section 11) as well as successfully continue my association with industry through contract research 
described above. 

(d) Collaborations 

I have had successful international collaborations with Dr Jeff Seilhamer (Cofounder, Incyte 
Pharmaceuticals, San Francisco, CA) (Journal Article 16) who cloned sPLA 2 and Drs Peter Vadas 
and Waldemar Pruzanski, the discoverers of sPLA 2 , at the Wellesley Hospital, Toronto (20, 21, 23, 
26, 27) studying the association of sPLA 2 with malaria, salicylate intoxication and extending our 
own studies on sepsis and rheumatoid arthritis. More recently I set up a collaboration with Prof 
Michael Gelb, University of Washington, Seattle to pursue studies on the role of sPLA2 in prostate 
cancer. This collaboration ahs been particularly productive giving us access to pharmacological 
resources and reagents that have proved essential for progress to be made. I have had a long- 
standing association with Prof. Timo Nevalainen that resulted in a coauthored invited review last 
year. 

My collaboration with Prof. S. Brennecke and Dr. G. Rice, Royal Women's Hospital, Melbourne, 
has been productive in the area of sPLA 2 in parturition (19, 24, 25, 29, 31, 32). I have also 
collaborated extensively with local investigators including Dr Ken Ho, Garvan Institute and Dr 
Richard Lee, St Vincent's Intensive Care Unit (17), Dr Robyn Ward, Oncology, St Vincent's 
Hospital and Dr Lou McGuigan, Rheumatology, St George Hospital (18), Prof. Reg Lord and Dr 
Hakan Parsson, Surgical Professorial Unit, St Vincent's Hospital (30, 35) who have provided 
clinical expertise and advice, Dr Roland Stocker, Heart Research Institute (33) and Dr Vince Munro, 
Anatomical Pathology, St Vincent's Hospital who provided advice on histological features of tissues 
(34). I have also collaborated with Prof. James Biggs and Dr Kerry Atkinson providing molecular 
biology expertise on the development of immunotoxins to treat leukaemia which included 
cosupervision of a PhD student, Dr Robert Seymour (Abstract 26) and cosupervised an honours 
student, Ms Louise Graham, with Prof. Paul Seale, Pharmacology Department University of Sydney 
working on sPLA 2 in asthma (Abstract 34). 

I have had collaborations with several local investigators including Prof. Anne Cunningham, Prince 
of Wales Children's Hospital, (34), Prof. Garry Graham, Physiology and Pharmacology, UNSW 
(Cosupervisor, Ms Sally-Ann Robins, Abstract 73, Review 3), A/Prof. David Walsh (Abstract 74, 
manuscript in preparation), Anatomy, UNSW, Prof. Michael Perry, Physiology and Pharmacology, 
UNSW, Dr Malcolm Handel, Medicine, UNSW, Prof. Charles Mackay, Garvan Institute, Dr Garry 
Corthals and more recently, Prof Greg Cooney, Garvan Institute. 

(e) Local, national and international profile 

Since 1992 I have given several invited presentations at local institutions including the Department 
of Clinical Pharmacology, St Vincent's Hospital (annually since 1992), the Heart Research Institute, 
Camperdown (1992 and 1996), the Centre for Immunology, St Vincent's Hospital, (1992 and 1999), 
Royal North Shore Hospital (1993 and 1996), St George Hospital (1993), the Department of 
Pharmacology, University of Sydney (1994 and 1998), the Department of Physiology and 
Pharmacology, UNSW (1994), the Rheumatology Department, St Vincent's Clinic (1994), the 
Department of Biochemistry, UNSW (1995), the Department of Pharmacy, University of Sydney 
(1997), the Victor Chang Cardiac Research Institute (1997), the Garvan Institute of Medical 
Research (1998), the Prince of Wales Hospital (1999), the Department of Rheumatology, Westmead 



9. 



Curriculum Vitae: Dr Kieran F. Scott (April, 2010). 



Hospital (1999). In the last five years I have been invited to speak at institutions including the 
Kolling Institute, the Oncology Research Centre, Prince of Wales Hospital. 

I have been involved in local societies, organising and participating in the inaugural ASMR state 
scientific meeting in 1994 (Abstract 36) and acting as session chair and/or member of the scientific 
judging panel in each of the subsequent meetings. I have also played an active role in the local 
biochemistry community since 1992, serving as a member of Sydney Protein Group committee, a 
special interest group of the Australian Society for Biochemistry and Molecular Biology. I have 
made several presentations (Abstract 24-26, 40, 45, 48, 53, 64, 65) at other local meetings notably 
an invited lecture in the annual St Vincent's Symposium series (Abstract 39). 

My national profile is reflected in invitations to speak in symposia at various National Meetings, 
commencing with a symposium presentation at the Australian Society for Microbiology meeting, 
Canberra, in 1981 and a workshop on new techniques in molecular biology at the Lome genome 
meeting, 1988. More recently T have been invited to speak at the Australian Society for Medical 
Research meeting (Brisbane, 1992), the Australian Animal Technicians Association meeting 
(Sydney, 1996), the inaugural "Commercialising Health Forum" meeting (Sydney, 1997) and the 
inaugural meeting of the Society for Leukocyte and Inflammation Research, held conjointly with the 
Australian Society for Immunology Meeting (Melbourne, 1998). I was invited to chair a 
symposium on symbiotic nitrogen fixation at the Australian Society for Microbiology meeting in 
1988. From 1992 to 1999 I have acted as session chair and/or member of judging panels at each of 
the annual National Meetings of the Australian Society for Medical Research. Since 1996 I have 
made presentations (Abstracts 47, 62-64) and been involved as session chair in the biennial East 
Coast Protein Meeting, a combined meeting of the Sydney and Queensland protein groups held at 
Byron Bay. I have given invited presentations to the Institute of Veterinary and Medical Sciences, 
Adelaide, and several presentations to the Department of Obstetrics and Gynaecology, Royal 
Women's Hospital, Melbourne. I was also given an honorary position in that Department in 1993 in 
recognition of my collaborative contributions. I have also made oral and poster presentations at 
several national meetings from my own lab and in collaboration (Abstracts 11-18, 23, 35, 37, 38, 49, 
54-57,67,70,71). 

My international profile is reflected in presentations at the 2nd International Symposium on Trauma, 
Shock and Sepsis, Munich, Germany, 1991 (Abstracts 20-22), two of which were chosen for 
publication in the proceedings of the meeting (conference proceedings 1 8,19). I received invitations 
to speak at the 8th International Congress on Prostaglandins and Related Compounds, Montreal, 
Canada (1994) (Abstract 28) and the 2nd World Congress on Inflammation, Brighton, U.K 
(Abstract 45). My work has also been selected for poster presentation at several international 
meetings, notably at the American College of Rheumatology meeting (Abstract 27, 58) Gordon 
Conference (Abstract 59) and three Keystone Symposia (Abstract 60, 69, 72), the most recent of 
which has been selected for an oral presentation. My collaborative work has been presented at 
several international meetings (Abstract 19, 29-34, 41-43, 51, 66). I have given invited lectures at 
the National Cancer Institute, Frederick, Washington, USA, the Wellesley Hospital, Toronto, 
Department of Molecular Biology and Biochemistry, University of California, Irvine, Department of 
Biochemistry, Massey University, New Zealand, DuPont Ltd, Boston, Boehringer Mannheim Ltd, 
Penzburg. I was also invited to attend a Roussel-UCLAF meeting on sepsis in Paris, 1992. My 
recent work has been the subject of invited presentations to the second international meeting on 
phospholipase A2 (Berlin, 2004), the 3 rd International meeting on phospholipase A2 (Sorrento, 
2007) and the 4 lh International conference on Phospholipase A 2 and lipid mediators, (Tokyo, 2009). 

(f) Postgraduate and undergraduate teaching 
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Ph.D Student Cosupervision. 

1983-1986 Dr. JJ. Weinman, Australian National University. "Structure Function Studies of 
Nitrogen Fixation Genes in Broad-Host-Range Bradyrhiz.obiurri\ 
Current position. Research Officer, RSBS, Australian National University. 

1983-1986 Dr. S. M. Howitt, Australian National University. "Physiological and Metabolic 
Studies on Nitrogen Fixation in Broad-Host-Range Bradyrhizobium ,, . 
Current position, Senior Lecturer, Faculty of Science, Australian National University. 

1985 - 1987 Dr. M. N. Upadhyaya, "Molecular Genetics of Leaf-curl Diseases in Rhizobium- 
legume Interactions". 

Current position. Principal Research Scientist, CSIRO, Plant Industry, Canberra. 

1989 -1994 Dr A. Tseng, "Structure-Function Studies on Human Secretory (Type II) 
Phospholipase A 2 " Current position: unknown 

1989-1994 Dr. R. Seymour, "Molecular Design of Antibody-Toxin Conjugates for the Treatment 
of Leukaemia". 
Current position unknown. 

1992 -2000 Dr. M. Bidgood, "Secretory phospholipase A 2 -cyclooxygenase pathways in 
rheumatoid arthritis". Winner 1997 Campion-Ma Playoust Award, ASMR. 
Thesis submitted February, 2000. Current position, Pharmacist 

1995 - 2001 Ms. C. Salom. "Regulation of secretory phospholipase A 2 expression in human 
rheumatoid synovial fibroblasts". Did not complete. Current position: Director, 
Centre for Addiction Research and Education, DRUG ARM, Queensland. 

1999-2003 Dr Megan Taberner. " Global gene expression in human rheumatoid synoviocytes". 
Current Position: Senior Associate, Mitchell Madison Group, London UK. 

2003-2007 Dr Lawrence Lee. "Inhibiting the multiple actions if human group IIA secreted 
phospholipase A 2 " Post-doctoral Fellow, Victor Chang Cardiac Research Institute 

Masters Cosupervision. 

1995 - 2001 Mr. O. Jamal. "Expression of secretory phospholipase A 2 -IIA in arthritic synovium". 
Did not complete. 

2005. Cosupervisor Abdel Qader Masters of Biopharmaceutival Research, UNSW 

2006. Cosupervisor, Vinod Kumar, Masters of Biopharmaceutival Research, UNSW 



Cosupervision, undergraduate Honours Students. 

1986 Dr. T. Holton. "Transcriptional Analysis of nif Gene Expression in Rhizobium." . 

1987 Ms. J. Stanton. "Identification of Nodulation Genes in Bradyrhizobium ." 

Mr. P. Williamson, "Restriction Fragment Length Polymorphisms in Soybean 
(Glycine max.)" 
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1992 Ms. Louise Graham. "Phospholipase A2 in Asthma". 

2000 Ms Sally Robins "The effect of paracetamol on the prostaglandin pathway in human 

rheumatid synoviocytes" 

2003 Mr Jeremy Keh "The effect of phenolic antipyretic and analgesic drugs and their 
metabolites on myeloperoxidase activity" 

2004 Mr Chris Young. " The effect of reducing agents on paracetamol-mediated analgesic 
action in the mouse acetic-acid-induced writhing test. 

Undergraduate Teaching. 

1983 Lecturer in the Research School of Biological Sciences course "Molecular Genetics 

and Recombinant DNA technology" 
1986 Invited Lecturer, Botany Department, ANU. 



(g) Administrative responsibilities. 

My most recent position carries the administrative responsibilities of a level C academic, 
particularly responsibility for the day-to-day administration of a research group including financial 
management of grants, preparation of research reports and provision of reports on student 
performance to higher degrees committees. 1 have also served on the St Vincent's campus seminar 
committee and the Garvan Institute library committee. Prior to that I was the Scientific Director of 
an R&D Syndicate with a budget of $1.03 million pa. over a 3 year period. I was responsible for all 
aspects of the management of this project. I had administrative responsibilities for my research 
group during my time at Pac Bio and served on the research strategy committee of that company.. 

(h) Peer review involvement 

From 1983 to 1989 I was a reviewer of grants for United States Department of Agriculture. I 
currently review 1-4 grants per year for each of the following agencies; the Australian National 
Health and Medical Research Council, the Australian Research Council, The Australian 
Rheumatology Association, the United Kingdom Arthritis and Rheumatism Council, the Anti- 
Cancer Council of Victoria and the Community Health and Anti-tuberculosis Association. I review 
1-4 manuscripts per year for the Medical Journal of Australia, Inflammation Research, the Journal 
of Leukocyte Biology, the Journal of Immunology, the European Journal of Biochemistry, 
Immunopharmacology , the American Journal of Pathology, Biochimie. I have acted as PhD 
examiner on seven occasions for theses submitted to Massey University (New Zealand), the 
University of Melbourne, the University of Sydney and Monash University. I have served on 
judging panels for scientific prizes at several State and National meetings of the Australian Society 
for Medical Research, served on the judging panel for Sydney Protein Group travel scholarships 
over several years and the panel for the Thompson Prize for student presentations in 1999. I am 
currently on the editorial board of two review journals, "Recent Patents on Anticancer Drug 
Discovery" and "Recent Patents on Cardiovascular Drag Discovery" and one open access Journal 
"The Open Cancer Journal". 

(i) Scientific discipline involvement 

I hold membership in the American Association for the Advancement of Science and three national 
societies, the Australian Society for Medical Research (ASMR), The Australian Society for 
Biochemistry and Molecular Biology (ASBMB) and the Society for Lymphocyte and Inflammation 
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Research. I am a member of two special interest groups of ASBMB, the Sydney Protein Group and 
the Sydney Transcription Group. 

From 1991 to the present I have been involved in committees of the Australian Society for Medical 
Research (AS MR), first as a member and Hon. Treasurer of the state branch. From 1993 to 1997 I 
was on the Board of ASMR serving on several committees and as member of the executive 
committee from 1995-1997. I served as President in 1997. I currently serve as chair of the 
Research Fund of ASMR. T have been on the committee of the Sydney Protein Group since 1995. 1 
was also a member of the research committee of the New South Wales State Cancer Council in 1997 
and 1998. This committee was responsible for providing research policy advice to the Cancer 
Council Board and for the administration of the Council's research grant scheme 

I was a member of the organising committee of the Lome Genome Conference in 1988 and 
convened the inaugural scientific meeting of the ASMR state branch in 1992. I served on the Local 
organising committee of the ASMR national meeting held in Sydney in 1993. As a member of the 
ASMR board, I was responsible for overseeing the National Scientific Meetings held in my state. I 
have organised two scientific meetings for the Sydney Protein Group with invited international 
speakers and two meetings featuring local speakers. Both State and National ASMR meetings 
generate strong media interest and I have had extensive experience in the coordination of both print 
and electronic media coverage for these scientific meetings using several public relations firms. 

Through the public affairs function of ASMR, I have had extensive experience with the organisation 
of research awareness programmes, particularly ASMR's annual national public awareness 
campaign "Medical Research Week". I have been involved in all aspects of these campaigns 
including fund raising, planning, liason with contracted public relations firms, writing and recording 
community service announcements for radio and press releases for the print media. I have 
conducted numerous national and local radio interviews promoting the benefits of research and 
spoken at meetings of several community groups such as Rotary Clubs. 

ASMR also has a major political function in representing the views and aspirations of the medical 
research community, acting as an umbrella organisation for some 35 professional societies. In my 
term as president, the ASMR played a significant role in resolving difficulties associated with 
proposed changes to the research policy and direction of the New South Wales State Cancer 
Council. T instigated negotiations with the New South Wales State Government which resulted in a 
redrafted Cancer Council Act which guaranteed representation of researchers actively involved in 
cancer research through an ASMR nominee on the Board. Also during my presidential term, 1, 
along with the ASMR board devised and raised funds for a campaign to double the budget of the 
Australian National Health and Medical Research Council. This campaign was successfully 
concluded with the announcement of a doubling of funding for research in the 1999 Federal Budget. 
It is widely acknowledged that ASMR played a significant role in that outcome through its lobbying 
and public relations activity. 

(j) Wider community involvement 

In addition to my work with ASMR, I have been involved in a health awareness campaign with 
respect to arthritis, serving on the planning committee for this campaign run by St Vincent's 
Hospital. I presented a public lecture on prospects for arthritis treatment and the benefits of research 
during National Science Week, 1999 at the Garvan Institute. As part of this awareness campaign I 
have also conducted several radio interviews specifically related to arthritis research. I promote 
science and medical research at our local primary school through involvement in the P&C 
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organization and fundraising for an annual science fair and provision of science resources to support 
the curriculum. Most recently I have been an invited speaker at several fundraising events for the 
NSW Cancer Council "Relays for Life". 

(k) Research grant support 

1985 "Nodulation genes in Rhizobium". K. F. Scott, J. M. Watson, $5,000 CSIRO/ANU 
Research Grant 

1986 "Nodulation genes in Rhizobium" K.F. Scott, J.M.Watson, $16,000, CSIRO/ANU 
Research Grant. 

1986-1989 Team Leader's Grant National Research Fellowships, K.F.Scott, $82,500 ,ARC 

1987 "Nodulation genes in Rhizobium", K.F.Scott, $4,500, J.M. Watson, CSIRO/ANU 
Research Grant 



1993-1995 "Production of a Recombinant Immunotoxin with Potential Utility in Leukaemia 
Therapy", $43,000 p.a. A/Prof. K Atkinson, Prof. J. Biggs, Dr. P. Kearney, Dr. K. F. 
Scott. NHMRC. 

1993-1995 "Phospholipase A 2 in Labour Onset". $100,000 p.a. Dr. G. Rice, Dr K.F. Scott, 
Prof. S. Brennecke and Prof. G. Thorburn. NHMRC. 

1993 "Phospholipase A 2 in Arthritis". $6,000. Dr. K.F. Scott, Prof. P.M. Brooks. 

Arthritis Foundation of Australia Grant in Aid. 

1993 "Structure-Function Studies on Secretory Phospholipase A2". $12,000. Dr. K.F. 

Scott and Dr. P. Curmi. ARC Small Grant Scheme. 

1993 "Phospholipase A 2 in Arthritis". $ 10,430. Dr. K.F Scott and Prof. P.M. Brooks. 
Rebecca Cooper Foundation. 

1994 "Structure-Function Studies on Secretory Phospholipase A 2 " Dr. K. F. Scott and Dr. 
P. Curmi. $12,000. ARC Small Grant Scheme. 

1995-1997 "The Role of Human Type II Secretory Phospholipase A 2 in Rheumatoid Arthritis". 

Chief Investigators Dr K.F. Scott, Prof. P.M. Brooks. Associate Investigator Dr. A. 
Tseng. $103,000 p.a. NHMRC. 

1996 "Macromolecular Crystallographic Analysis Facility". $815,000. Dr P. Curmi, Dr K. 

F. Scott, Dr S. Breit, Dr. B. Mabbutt. UNSW Capital Grant. 

1996 "Transcriptional Control of Secretory Phospholipase A 2 gene expression". $10,000. 

Dr K.F. Scott, ARC Small Grant Scheme. 

1996 "Molecular Modelling Equipment". $100,000. Prof. R.M. Graham, Dr P. Reik, Dr. 

D. Ogg, Dr B. Church, Dr K.F. Scott., Prof. P. Brooks, Dr T. Iismaa, Dr H. Herzog, 
Prof. J. Shine. Viertel Foundation. 
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1997 "Resources for Structural Biology". $250,000. Dr. P. Curmi, Dr K.F. Scott. UNSW 

Capital Grant. 

1997 "Transcriptional Control of Secretory Phospholipase A 2 Gene Expression". $11,000. 

Dr K. F. Scott. Rebecca Cooper Foundation. 

1998-2000 Modulation of Cytokine- mediated Inflammatory Responses by Human Type II 
Phospholipase A 2 . $130,000 p.a. Dr K F Scott, Prof P Brooks. NHMRC.2000 

2000 Glaxo- Wellcome: $35,000. Detection of transcripts encoding enzymes of the 

eicosanoid biosynthetic pathway in cells from human blister fluids. Dr K.F. Scott 

2000- 2001. Smithkline Beecham (Australia and UK) $70,000. The effect of paracetamol on 

prostaglandin production by human rheumatoid synovial cells in culture. Dr G.G. 
Graham and Dr K. F. Scott 

2001- 2002 GlaxoSmithkline (Australia and UK) $ 50,000 The effect of paracetamol on 

prostaglandin production by human rheumatoid synovial cells in culture. Dr G.G. 
Graham and Dr K. F. Scott 

2001-2002. Rebecca Cooper Foundation. $15,000. Research on phospholipase A 2 . 

2003- 2005 The mechanism of action of secreted phospholipase A 2 and its inhibition in 

inflammation. $175,000 p.a. Dr K.F. Scott, Prof G.G. Graham, A/Prof HP McNeil. 
NHMRC 

2004- 2006 Department of Veterans Affairs. Dong Q, Scott K. F., Graham G and Russell PJ: 

$490,500. Oncogenic action and therapeutic potential of PLA 2 in prostate cancer. 

2007-2009. NSW Cancer Council. Scott K. F., Graham, G. G., Dong, Q., Russell, P. J., 
$300,000 Secreted phospholipase A2 in prostate cancer. 

(1) Other relevant data 

My career to date has been focused on research problems that have potential commercial value. My 
Ph.D studies resulted in the filing of several patents in the USA and Europe, most of which have 
issued. In recent years I have had experience in the commercialisation of focused research being 
involved in both the management and execution of research as well as gaining experience with 
patent and other business issues relating to the specific projects for which I was responsible. At 
Pacific Biotechnology, I served on the project evaluation committee which evaluated development 
projects on both scientific and commercial grounds. I was responsible for a team of twelve 
researchers over a three year period. This work was funded by two successful Government grants 
(i) a Generic Technology Grant from the Department of Industry Technology and Commerce 
(DITAC) in 1988 entitled "Recombinant biosynthesis of multi-subunit proteins requiring post- 
translational modification for biological activity". $1,004,025. Principal Investigator, Dr. K.F Scott. 
Associate Investigators, Dr. L. Lazarus, Dr. J. Shine, Dr. P Gray, Dr. M. Stuart, and (ii) a 
Discretionary Grant from DITAC entitled "Therapeutic monoclonal antibody for treatment of septic 
shock". $1,080,050. Project Leader, Dr. K.F.Scott, Principal Researchers Dr. A. Protter, Prof. P. 
Gray, Dr. I. Rajkovic. 
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In addition to presentations at local and international scientific meetings, I have prepared and made 
business and scientific presentations to many multi-national biopharmaceutical companies including 
DuPont (Delaware), Johnson & Johnson (San Diego and New Jersey), Scios-Nova (San Francisco) 
and Serono (Geneva). 

From 1995-1997 I managed a government-sponsored R&D Syndicate aimed at developing 
phospholipase A 2 inhibitors. Principal Investigators, Dr K. F. Scott, Prof. P. Brooks and Prof. J. 
Shine. $1 .03M p.a. This gave me additional experience in the design and management of R&D 
projects and resulted in the filing of several patents. These funds also provided the necessary capital 
equipment for the establishment of a laboratory. My profile in industry was recognised by my 
appointment to the Executive Committee and as Chair of the Programme Committee of the 1st 
Commercialising Health Forum, a biennial international meeting held in Australia with a view to 
showcasing the Australian Medical Biotechnology Industry internationally. 

Issued Patents. 

1. U.S. Patent No: 5,001,061 Method utilising nifD promoter regions of Bradyrhizobium 
japonicum and B. (sp. Parasponia) useful for expressing foreign genes in root nodules. 

2. U.S. Patent No: 5,008,194 Recombinant DNA molecules, plasmids, transformed bacteria, 
which have nitrogen fixation gene H promoter sequence from Bradyrhizobium sp. and 
foreign structural gene. 

3. U.S. Patent No: 5, 045, 461; Method for increasing yield and nodulation by Bradyrhizobium. 

4. U.S. Patent No: 5,137,816; Rhizobial diagnostic probes and Rhizobium trifolii niJH 
promoters 

5. U.S. Patent No: 5,484,718; Nodulation gene promoters 

6. U.S. Patent No: 5,656,602; PLA 2 inhibitory compounds 

7. Australian Patent No: 8823915 Recombinant DNA molecules for plants and bacteria 
containing promoter for a nifH gene of Rhizobium trifolii and a foreign structural gene. 

8. European Patent No. 130,047. Bacterial strain containing recombinant DNA fragments 
especially in Rhizobium strains for improved nitrogen fixation. 

9. Australian Patent No 668513 - PLA 2 Inhibitory Compounds. 

10. European patent No 92914800.5, PLA 2 Inhibitory Compounds. 

1 1 . Australian Patent No 2003229143. "Method of inhibiting prostate cancer cell proliferation". 
Pending patents: 

1. PCT/AU03/00719 'Method of inhibiting prostate cancer cell proliferation". This patent is 
currently in National phases of examination in the United States, Canada, Europe and Japan. 

Filed/lapsed patents 

1 . U.S. Patent Application No: 662,61 1 , Repetitive sequences in Rhizobium. 

2. U.S. Patent Application No: 8'} '5, 296, Bradyrhizobium (sp. parasponia) nodulation regulatory 
protein and gene. 

3. U.S. Patent Application No 09/269402- Inhibitors of PLA 2 

4. Australian Pro visonal patent application "A novel enzyme" 

5. International Patent application No PCT/AU99/00087 Cyclic peptide inhibitors of PLA 2 
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Refereed journal articles 

1. Scott, K.F., Rolfe, B.G., Shine, J. (1981) Biological nitrogen fixation: Primary structure of 
the Klebsiella pneumoniae nifH and nif D genes. J. Mol. Appl. Genet. 1:71-81 ( 5 citations). 

2. Cen, Y., Bender, G.L., Trinick, M.J., Morrison, N.A., Scott, K.F., Gresshoff, P.M., Shine, J., 
Rolfe, B.G. (1982) Transposon mutagenesis in rhizobia which can nodule both legumes and 
non legume Parasponia. Appl. Env. Microbiol. 43: 233-236. (27 citations) 

3. Rolfe, B.G., Shine, J., Gresshoff, P.M., Scott, K.F., Djordjevic, M.A., Cen, Y., Hughes, J.E., 
Bender, G.L., Chakravorty, A., Zurkowoski, W., Watson, J.M., Badenoch- Jones, J., 
Morrison, N.A, Trinick, M.J. Rhizobium and the genetics of a controlled disease. Australian 
Microbiologist 3: 33-37. (citations not available) 

4. Scott, K.F., Hughes, J.E., Gresshoff, P.M., Beringer, J.E., Rolfe, B.G., Shine J. (1982) 
Molecular cloning of Rhizobium trifolii genes involved in symbiotic nitrogen fixation. J. 
Mol. Appl. Genet. 1: 315-326 (6 citations). 

5. Jarvis, B.D.W., Scott, K.F., Hughes, J.E., Djordjevic, M., Rolfe, B.G., Shine, J. (1983). 
Conservation of genetic information between different Rhizobium species. Can. J. 
Microbiol. 29:200-209. (12 citations) 

6. Scott, K.F., Rolfe, B.G., Shine, J. (1983). Nitrogenase structural genes are unlinked in the 
non-legume symbiont Parasponia Rhizobium sp. ANU289. DNA 2: 141-148. (50 citations) 

7. Scott, K.F., Rolfe, B.G., Shine, J. (1983). Biological nitrogen fixation: Primary structure of 
the Rhizobium trifolii iron protein gene. DNA 2: 149-155. (49 citations) 

8. Scott, D.B., Court, C.B., Ronson, C.W., Scott, K.F., Watson, J.M., Schofield, P.R., Shine, J. 
(1984). Organisation of nitrogen fixation and nodulation genes on a Rhizobium trifolii 
symbiotic plasmid. Arch. Microbiol. 139: 151-157. (23 citations) 

9. Weinman, J., Fellows, F., Gresshoff, P., Shine, J., Scott, K.F. (1984). Structural analysis of 
the genes encoding the MoFe protein of nitrogenase in Parasponia Rhizobium strain 
ANU289. Nucl. Acids Res. 12: 8329-8344. (33 citations) 

10. Scott, K.F. (1986). Conserved nodulation genes from the non-legume symbiont 
Brady rhizobium sp. (Parasponia). Nucl. Acids Res. 14: 2905-2919. (69 citations) 

11. Howitt, S.M., Day, DA., Scott, K.F., Gresshoff, P.M. (1988). Mutants of Bradyrhizobium 
(Parasponia) sp. ANU289 affected in assimilatory nitrate reduction also show lowered 
symbiotic effectiveness. J. Plant Physiol. 132 : 5-9. (1 citation) 

12. Entsch, B., Nan Y., Weaich, C, Scott, K.F., (1988). Sequence and organisation of pobA, 
the gene coding for p -hydroxy benzoate hydroxylase, an inducible enzyme from 
Pseudomonas aeruginosa Gene 71 : 279-291. (48 citations) 

13. Iismaa, S.E., Ealing. P.M., Scott, K.F., Watson, J.M. (1989). Molecular Linkage of the 
nif I fix and nod gene regions in Rhizobium leguminosarum biovar trifolii. Molecular 
Microbiology. 3:1753-1764. (14 citations) 
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14. Badenoch- Jones, J., Holton, T.A., Morrison, CM., Scott, K.F., Shine, J. (1989) Structural 
and functional analysis of nitrogenase genes from the broad-host range Rhizobium strain 
ANU240. Gene, 77:141-153. (17 citations) 

15. Upadhyaya, N.M., Parker, C.W., Letham, D.S., Scott, K.F., Dart, P.J. (1991) Evidence for 
cytokinin involvement in Rhizobium (IC3342)-induced leaf-curl syndrome of pigeonpea 
(Cajanus cajan Millsp.) Plant Physiol. 95:1019-1025. (1 1 citations) 

16. Tseng, A., Buchta, R., Goodman, A., Loughnan, M., Cairns, D., Seilhamer, J., Johnson, L., 
Smith, G., Inglis, A., Scott, K.F. (1991). A strategy for obtaining active mammalian enzyme 
from a protein expressed in bacteria using phospholipase A 2 as a model. Protein Expression 
and Purification 2:127-135. (2 citations) 

17. Green, J-A., Smith, G.M., Buchta, R., Lee, R., Ho, K.Y. Rajkovic, LA., Scott, K.F.(1991). 
The circulating phospholipase A 2 activity associated with sepsis and septic shock is 
indistinguishable from that associated with rheumatoid arthritis. Inflammation 15 : 355 - 
367. (127 citations) 

18. Smith, G.M., Ward, R.L., Mcguigan, L., Rajkovic, LA., Scott, K.F. (1992). Measurement of 
human phospholipase A2 in arthritis plasma using a newly-developed sandwich ELISA. Br. 
J. Rheumatol. 31:175-178. (60 citations) 

19. Rice, G.E., Brennecke, S.P., Scott, K.F., Rajkovic, LA., Bishop, G.J. (1992) Elevated 
maternal plasma immunoreactive phospholipase A2 in human preterm and term labour. 
Eicosanoids. 5:9-12. (22 citations) 

20. Vadas, P., Scott, K. F., Smith, G., Rajkovic, I., Stefanski, E., Schouten, B.D., Singh, R., 
Pruzanski, W. (1992). Serum phospholipase A2 enzyme activity and immunoreactivity in a 
prospective analysis of patients with septic shock. Life Sciences 50:807-812. (69 citations) 

21. Pruzanski, W., Scott, K.F., Smith, G., Rajkovic, I., Stefanski, E., Vadas, P. (1992) 
Enzymatic activity and immunoreactivity of extracellular phospholipase A2 in inflammatory 
synovial fluids. Inflammation 16: 451-458. (31 citations) 

22. Upadhyaya, N.M., Scott, K.F., Tucker, W.T., Watson, J.M., Dart, P.J. (1992). Isolation and 
characterisation of Rhizobium (IC3342) genes which determine leaf curl induction in 
pigeonpea. Molecular Plant-Microbe Interactions. 5:129-143. (7 citations) 

23. Vadas, P., Keystone, L, Stefanski, E., Scott, K. F., Pruzanski, W. (1992). Induction of 
circulating group II phospholipase A2 expression in adults with malaria. Infect. Immunity. 
60:3928-3936. (25 citations) 

24. Farrugia, W., Aitken, M., Van Dunne, F., Wong, M.H., Scott, K.F., Brennecke, S.P., Rice, 
G.E. (1993). Type II phospholipase A 2 in human gestational tissues: II. Subcellular 
distribution of placental immuno- and catalytic Activity. Biochem. Biophys. Acta. 1166:77- 
83. (34 citations) 
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25. Aitken, M, Farrugia, W., Wong, M.H., Scott, K.F., Brennecke, S.P., Rice, G.E. (1993). 
Type II phospholipase A2 in human gestational tissues: Extractable immuno- and enzymatic 
activity in fetal membranes. Biochim. Biophys. Acta. 1170:314-320. (32 citations) 

26. Vadas, P., Schouten, B.D., Stefanski, E., Scott, K. F., Pruzanski, W. (1993). The 
association of hyperphospholipasaemia A2 and multisystem organ failure associated with 
salicylate intoxication. Critical Care Medicine. 21(7)-1087:1091. (23 citations) 

27. Pruzanski, W., Goulding, N.J., Flower, R.J., Gladman, D.D., Urowitz, M.B., Goodman, P.J., 
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antilipocortin antibody titres in systemic lupus erythematosus. J. Rheumatology. 21:252- 
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28. Tseng, A., Inglis, A., Scott, K.F. (1996) Native peptide inhibition: Specific inhibition of 
phospholipase A 2 by peptides derived from the primary sequence. J. Biol. Chem. 
271(39):23992. (20 citations) 

29. Aitken, M.A., Thomas, T., Brennecke, S.P., Scott, K.F., Rice, G.E. (1996) Localisation of 
type II phospholipase A 2 messenger RNA and immunoactivity in human placenta and fetal 
membranes. Placenta. 17(7):423-429. (17 citations) 

30. Bobryshev Y.V., Crozier J.A., Lord R.S., Tran D., Jamal O.S., Parsson H.N., Scott K.F. 
(1996) Expression of secretory group II phospholipase A 2 by CDla positive cells-in human 
atherosclerotic plaques. Atherosclerosis. 127:283-5, 1996. (12 citations) 

31. Farrugia, W., Rice, G.E., Wong, M.H., Scott, K.F., Brennecke, S.P. (1997) Release of 
Type II phospholipase A 2 immunoreactivity and phospholipase A 2 enzymatic- activity from 
Human Placenta. J. Endocrinol. 153(1): 151-157. (14 citations) 

32. Rice, G.E., Wong, M.H., Farrugia, W., Scott, K.F. (1998). Contribution of type II 
phospholipase A2 to in vitro phospholipase A2 enzymatic activity in human term placenta. 
J. Endocrinol. 157:25-31. (19 citations) 

33. Neuzil, L, Upston, J., Witting, P.K., Scott, K.F., Stacker, R. (1998) Secretory 
phospholipase A 2 and lipoprotein lipase enhance 15-lipoxygenase-induced enzymic and 
non-enzymic lipid peroxidation in low-density lipoproteins. Biochemistry 37: 9203-9210. 
(56 citations) 

34. Jamal, O.S., Conaghan, P.G., Cunningham, A.M., Brooks, P.M., Munro, V.F., Scott, K.F. 
(1998) Increased expression of human type IIA secretory phospholipase A 2 antigen in 
arthritic synovium. Ann. Rheum. Dis. 57:550-558 (Image chosen for cover). (35 citations) 

35. Parsson, H.N., Lord, R.S.A., Scott, K.F., Zemack, G. (2000) Maintaining carotid flow by 
shunting during carotid endarterectomy diminishes the inflammatory response mediating 
ischaemic brain injury. Eur. J. Vase. Endovasc. Surg. 19: 124-130. (14 citations) 

36. Bidgood, M J., Jamal, O.S., Cunningham, A.M., Brooks, P.M., Scott, K.F. (2000) Type IIA 
secretory phospholipase A 2 up-regulates cyclooxygenase-2 and amplifies cytokine-mediated 
prostaglandin production in human rheumatoid synoviocytes. J. Immunol. 165:2790-2797. 
(61 citations) 
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37. Church, W.B., Lei, P-W., Ogg, D.J., Scott, K.F. (2000) Crystallization and preliminary X- 
ray diffraction studies of a new crystal form of human secretory type 11A phospholipase A 2 . 
Acta Cryst. D56: 1482-1484. (0 citations) 
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approach to the design of secretory phospholipase A 2 inhibitors using native peptide 
inhibition. J. Biol. Chem. 276:331 56-33164. (1 8 citations) 

39. Sved, P.*, Scott, K. F.,* McLeod, D., King, N.J.C., Singh, J, Tsatralis, T., Nikolov, B., 
Boulas, J., Nallan, L., Gelb, M.H., Sajinovic, M., Graham, G.G., Russell, P.J., Dong, Q. 
(2004). Oncogenic Action of Secreted Phospholipase A2 in Prostate Cancer. Cancer Res. 64 
: 6934-6940 * authors contributed equally to this work. (27 citations) 

40. Taberner, M., Scott, K.F., Mackay, CR, Rolph, M.S. (2005) Overlapping gene expression 
profiles in rheumatoid fibroblast-like synoviocytes induced by the proinflammatory 
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THE DEVELOPMENT OF 
ANDROGEN-INDEPENDENT 
PROSTATE CANCER 



Brian f. Feldman and David Feldman 

The normal prostate and early-stage prostate cancers depend on androgens for growth and 
survival, and androgen ablation therapy causes them to regress. Cancers that are not cured by 
surgery eventually become androgen independent, rendering anti -androgen therapy 
ineffective. But how does androgen independence arise? We predict that understanding the 
pathways that lead to the development of androgen -independent prostate cancer will pave the 
way to effective therapies for these, at present, unbeatable cancers. 
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Apart from skin cancer, prostate cancer is the most 
common form of cancer in men and the second leading 
cause of cancer deaths in men in the United States'. 
Initial treatment is usually prostatectomy or radiation to 
remove or destroy the cancerous cells that are still con- 
1 1 nod within the prostate capsule. However, many 
patients arc not cured In' Ibis therapy and I heir cancer 
recurs, or the; are diagnosed alter the cancer has spread. 
Tumour growth is initially androgen dependent. 
Androgen ablation nv >x r, the mainstay of therapy tor 
progressive prostate cancer, causes regression of andro- 
gen dependent tumours, as documented hy the work ol' 
Muggins over M) years agon I low-ever, many men even- 
tually tail this therapy and die of recurrent androgen- 
independent prostate cancer (AIPC). AIPC is a lethal 
form of prostate cancer that progresses and metasta- 
sizes. At present, there is no effective therapy for it. 
I'herc are several pathways hy which \ I PC can dew-lop. 
Ill i illi pi I ii i his into the mechanism of 
androgen action and schemes bywhich cancer cells sub- 
vert normal grow th control anil escape attempts to I real 
the cancer. Understanding the pathways that lead to 
AIPC is the first step towards de\ eloping hcrapics lor 
this lethal form of prostate cancer. 

Mechanism of androgen action 

Why do prostale cancer cells normally need androgens 
to grow and survive? Prostate cancer growth depends 



on the ratio of cells proliferating to those dying. 
Androgens are the main regulator of this ratio by both 
si i nulla ling proli feral ion and inhibiting apoplosis. So, 
prostate cancer depends on a crucial level of andro- 
gi nic stimulation for growth and survival. Androgen 
ablation a', >x i causes cancer regression because with- 
out androgen, the rate of cell proliferation is lower and 
the rale of cell death is increased, leading to extinction 
of these cells''. 

Testosterone the main circulating androgen 
is secreted primarily by the testes, but is also formed 
by peripheral conversion ol adrenal steroids 1 . It circu 
lates in the blood, where it is bound to albumin and 
c neb ! i (SHBC, , with a small 
fraction dissolved freely in the serum. When free 

verted lo dihydrolesioslerone (1)1 IT i by the enzyme 
5a- reductase (SRD5A2). DIIT is the more active hor- 
mone, having fivefold higher alii nip' lor I he end logon 
receptor 'All' than does testosterone. The AR is a 
member of the steroid thyroid-relirioid nuclear- 
receptor superfamily 3 ' 15 . It is composed of an amino- 
terminal activating dcoovx, a car box)'- terminal ligand- 
binding domain and a I >NA-binding domain in the 
mid-region that contains two zinc fingers. Like other 
inn lea i receptors, in the basal state, the AR is bound 
to heat-Shock proteins and other proteins in a confor- 
mation that prevents DNA binding. Binding to 
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Box 1 Androgen ablation therapy 

More than 30 years ago, Charles Huggins showed that orchiectomy (removal of the testes) induced the regression of 
prostate cancer 2 . Since that time, androgen ablation has been the main therapeutic intervention for the treatment of 
hormone-sensitive prostate cancer 3 '. The therapy is very effective in androgen-dependent cancer, but these cancers 
eventually become androgen independent, and go on to progress and metastasize. Although orchiectomy is an effective 
means of depleting androgens, pharmacological methods are now available. Gonadotropin releasing hormone (GnRH) 
super-agonists (also referred to as luteinizing-hormone(LH)-releasing hormone analogues) downregulatethe GnRH 
receptor in pituitary gonadotro pes, leading to the suppression of LH release and inhibition of testosterone secretion from 
t h e test i s~ . GnRH antagonists are now in development that immediately antagonize LH release, avoiding the initial 
stimulation of testosterone secretion that occurs with GnRH super-agonists. Total androgen ablation 31 , also referred to as 
maximal androgen blockade, combines an androgen receptor ( AR) antagonist (anti androgen) with a GnRH inhibitor. 
A R a ntagonists also prevent androgens produced by the adrenal glands from binding androgen receptors in the prostate. 
Total androgen ablation has not yet been shown to prolong survival" although it might be helpful in selected patients. It 
is u nc lea r why the rational use of combination therapy does not improve survival compared with monotherapy, and 
further study is needed on this important therapeutic question 34 . Use of intermittent androgen ablation is being studied 
as a means of preventing or delaying the transition of cancer cells to androgen-independent prostate cancer 24 , which 
eventually develops in most cases. 



androgens induces a conformational change in llie AR 
lhal k ails In clissoc iation from llie heat-slunk pro- 
teins and receptor phosphorylation", in pari media led 
by protein kinase A . I Ik ligand-induced conforma- 
tional change facilitates the formation of AR homodi- 
iner complexes that can then bind to androgen- 
rf.sponse FJ.EMF.NTS (ARRs) in the promoter regions of 
target genes. The activated DNA-bound AR homodi- 
nier complex recruits co-regulatory proteins, co-acti- 
vators or compress. !rs, lo llie AR complex. As in oilier 
nuclear receptors, the ligand-induced, activated con- 
formalion invokes a skil l in I he posi I ion of helix 12 of 
the receptor to form a surface to which co-activators 




The main function of the 
prostate is to produce 



is made up of epithelial 
glands arid a 

fibromuscular stroma. The 
glandular epithelium, 
which gives rise to prostate 
adenocarcinoma, has Ihree 
types of cells: basal, 
luminal secretory and 
neuroendocrine. 1'hcrc arc- 
fewer basal cells and their 
s Us function is not fully 

understood, although they 
:mbrane. A subset of the basal cells might be 
helial cells* . The luminal cells secrete 
he androgen receptor and secrete prostate- 
specific antigen (PSA) in an androgen-dependent manner. The stroma is com posed of 
fibroblasts, smooth muscle cells, endothelial cells, dendritic cells, nerves and some 
infiltrating cells, such as mast cells and lymphocytes. Some stromal cells are androgen 
lespi.iiske.md puiiliue grim ill f.ic lens lh.it ait in a paracrine fashion oil the 
epithelial cells. This stromal-epithelial crosstalk is an important regulator of the 
growth, development and hormonal responses of the prostate '. The well-organized 
secretory glandular structure (left) in the normal prostate, accentuated herebv 
immunostainingfor E-cadherin, becomes disrupted in invasive prostatecancer 
(right). (Images courtesy of John McNeal, Stanford University Medical Center, 
Stanford, California, USA.) 



secrete components of the basement m 
epithelial stem cells for the luminal epi 



AR complex with the oosa i;ai trans, hii-iion apparatus In 
stimulate or inhibit large! gene transcription 8 (FIG. i). 
Many AR target genes have keen idcntilicck, and addi- 
tional ones are keing discovered using cl)NA niicroar- 
ray technology'. 

Mechanisms of AIPC development 

What triggers the development of AIPC in the first 
place? Genetic modification is a crucial factor for 
tumour progression, and the development of AIPC is 
no exception"'. Ilu cells have powerful mechanisms 
that normally guard the genuine from mutations. It is 
possible that, like many other cancers, prostate 
tumours initially select for genetic changes that 
increase the likelihood of subsequent mutations*. 
One hint that this process might be important in 
some prostate cancers comes from research on the 
phase II del oxilic.it ion en/.ynie gingilbiom' S trans 
fera.se jr. This gene is expressed in normal prostatic 
epithelium. I lore, il catalyses, llie intracellular detoxifi- 
cation of electrophilic compounds, including some 
carcinogens, bill il is not expressed in more than l )(i»„ 
of prostate cancers owing to methylation of its pro 
moter in a cancer-specilic fashion ". This is thought to 
be one of the earliest and most common genomic 
alterations observed in sporadic prostate cancer. A 

increase the likelihood of a cell developing ensuing 
mutations ('multiple hits') that allow the prostate 
■ .■ i. or ccdl in ■ o u ii k pe ide' I k . I .. i. Ir.igcn 1 ' . 
Although the necessity of a primary hit is an intrigu 
ing possibility, further research is needed to evaluate 
whether it truly is a prerequisite lor the mutations 
that lead to the development ol AIPC. 

When in the evolution ol advanced prostatecancer 
do the mutations occur that lead to AIPC i An early 
study led Cher rl ul.'' to suggest that ■'untreated 
metastatic tumours contain the bulk of chromosomal 

an. luge • .k pi ivalion". which indic ated thai muta- 
tions might be an early event that is independent of 
the selective pressure ol androgen blockade- 
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However, many studies have found only a lew AR 
imitations in primary prostate cancer": in compari- 
son, met at aslic prostate cancer frequently has muta- 
tionsin the AR possibly with a frequency as high as 



0. Mm 1,1 



night b 



oilier crucial pathways'". Recent investigations there - 
lore support the theory that androgen ablation thera- 
py provides selective pressure to target the androgen 
signalling pathway 16 - 1 ^ 20 . For example, therapy with 
the anli-andio 'en 1 n c mi 'hi sell cl lor niutanl 
ARs in which tint amide acts as an agonist rather than 
an antagonist"'. I yen in the 'J RAMI' ' transgenic ade- 
nocarcinoma ol mouse pros I a Ie 1 model ol proslale 
cancer, in which SV 10 large T antigen is ovcrexpressed 
in the proslale luminal epi I hebal cells, inula I ions in 
the AR frequently develop, and different types ol' 
mutation are found in castrated versus intact mice 21,22 . 
So, the liming, o I I be development ol mutations thai 
cause AIPC remains uncertain. Intermittent androgen 
ablation is considered a possible means of delaying 



the development ol AIPC -'. It treatment provides 
selective pressure lor mutations that cause AIPC, 
intermittent treatment might reduce or delay the ten- 
dency towards development of inulaiil cells th.it 
become androgen independent. This important issue 
warrants further study. 

The specific types of mutation that lead to AIPC 
will be discussed in the subsequent sections. We have 
categorized live potential mechanisms bv which AIPC 
can develop ciaim.i- ; i .... -). Some of these mecha- 
nisms also apply to other forms of steroid-hormone- 
independent cancer, such as breast cancer >x (). 

Type 1 : the hypersensitive pathway 

One possible mechanism by which a proslale cancer cir- 
cumvents the effects of androgen ablation therapy is by 
increasing its sensitivity lo very low levels of androgens. 
Prostate cancers that use ibis mechanism are not, strictly 
-peaking, androgen independent — their responses still 
dej vml onARand androgen - but I hey have a lowered 
threshold for androgens. 

AR amplification. There are several potential mecha- 
nisms that would allow increased tumour-cell prolif- 
eration, despite low circulating, androgens in (In- 
patient. One mechanism to accomplish this is by 
increasing the expression of the AR itself Increased 
AR abundance leach lo enhanced liga nd-occ upieel 
receptor content, even in the face of reduced androgen 
concentration. Approxhualclv ••()% of tumours that 
become androgen independent after ablation therapy 
have amplified the AR gene, resulting in increased AR 

from the same pa I ion is before androgen ablation had 
an AR gene amplication' These results indicate 
that amplification was probably the result of clonal 
selection of cells that could proliferate, despite very 
low levels of circulating androgens. Interestingly, 
patients with tumours that had AR amplification sur- 
vived longer than patients with tumours that were 
refractory lo ablation therapy but did not have ampli- 
fica lion of the AR gene 15 . One possible explanation is 
hal these amplified lumours are more dilfcrcnlialcil 
than other prostate cancers, perhaps allowing the 
patients to have a better outcome. 

Although tumours with AR amplification have 
increased levels ol AR,the signal to proliferate presum- 
ably continues lo require androgen' This is an exam- 
ple of how tumours that seem clinically lobe androgen 
independent could simply have increased their sensitivi- 
ty lo androgens so I ha I they conl iniic lo prolilerale In a 
low androgen environ men I. AR gene amplification thai 
is delected in lumours lhal are progressing during 
androgen deprivation monotherapy with gonadolropin- 
releasing hormone (GnRH) analogues (BOX l) mightbe 
associated with a lavourable I realnicnl response lo sec- 
ond- line co in hi i led lolal androgi n ablaiion with ad sled 
anti androgens- 1 , fins finding indicates that at least 
some AR- amplified tumours retain a high degree ol 
dependency on residual androgens that remain in serum 
after monotherapy 26 . 
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Table 1 Mechanisms of development of AIPC 

Type Pathway Ugand dependenc 

1 Hypersensitive AR Androgen dependent ARoeoendent 



Coregulator mutations 



Androgen independent AR nnependent 



Androgen independent AR independent 



Amp ified AF 
Sensitive AR 
Increased CI 
Widsned AR specific ty 
Illicit stimulation by 
non-androgens 
'FLtamide withdrawal 
(antagonists acting as 
agonists) 
IVutan.P/tA/ 
AmpifiedHEfi-2'neu 
Activstec P 3K 
Activatcc MAP-< 
IVutarr. deregulates 
Parallel rr aternntive 
su-vival pathways: 

• Cverexpressicn of 
BCL2 

oncogenes 

• hactivaticn of tumour 
suopressor genes 
Malignant epithelial 



n cells 



:ond hypersensitive mech- 
anism for tumour progression was found in animal 
models of the transition from androgen -dependent 
proslale ivuuvr I . ■ apparent A I IX .Tin-, pal 1 1 way results, 
in high-level expression of the AR, increased stability, 
and enhanced nuclear localization of AR in recurrent 
In inniir cells. The luincHir ceils were also hypersensitive 
to the growth-promoting effects of DHT: the concen- 
tration of DHT required for growth stimulation in these 
AIPC cells was lour orders of magnitude lower than that 
required for androgen- dependent LNCaP cclls. These 
results indicate that the AR is transcriptionally active in 
some models of recurrent proslale cancer and can 
increase cell proliferation at I he low circulating levels ol 
androgen reported in castrated men 27 . 

Of course, i.l is also possible lhat some tumours 
lhal contain increased or amplified AR are not mere- 
ly susceptible to low circulating androgens, but also 
have constitutive AR activation as described below 
(see outlaw rec eptnrsi. Alternatively, tumours mighl 
also have am pi i lied levels of co- activators- 3 , which 
could iacilitatc the induction ot AR t ransactivation 
ci I her by less active adrenal androgens or by lower 
levels of androgens. 

Increased androgen levels. A third hypersensitive mecha- 
nism to circumvent androgen ablation therapy is by 
increasing I he local production of androgens, lo compen- 
sate lor the overall decline in circulating t< 
Prostate cells could increase the ra 
testosterone to the more potent hormone DHT by 
increasing 5a-reductase activity. This would facilitate 
ci in I ii mod AR signallingevei i with significantly lower lev- 
els of serum testosterone. In support of this mechanism is 
the finding thai,, liter androgen ablation therapy, serum 



: levels decrease by 95%, but the cc 
Lion of DHT in prostate tissue is reduced by only 60% 
i ree 29). Also, epidemiological studies have shown that 
certain ethnic groups who have higher levels of 
5a-reductase activity have a higher incidence of prostate 
cancer 30 . Al though the frequency of prostate cancer foci is 
similar in men from iliflcrenl ethnic groups, Ihe propor- 
tion who develop clinically apparent cancer is higher in 
men of African descent than in Caucasians ormen of 
Asian descent 10 . Men of African descent, who have a par- 
ticularly high rale of proslale cancer, show Ihe highest 
i nc Tele nce-ol'a polymorphism in I he gene lor on- ice hi e- 
lasc.This polymorphism subsiitules a valine a I codon 89 
with a leucine t YfWI. i, and results in significantly higher 
5a-reduetase enzyme aeli\ ily. Men ol Asian descent, who 
are at low risk for prostate cancer, have a low incidei i cc of 
this polymorphism; men of Central- and South- 
American descent have boih an inieriiiediale incidence of 
the polymorphism and an inieriiiediale risk". In addition 
In genetic predisposition, i I is also possible lhal, by selec- 
tion during iherapy, luiiiour cells either acquire muta- 
tions in the gene lor oo.-rcduclasc or select lor increased 
expression nfihe en /vine. I Iowcvcr, lo our knowledge 
this has not yet been shown to occur in prostate cancer. 

Recognition that patients can fail hormone ablation 
therapy even when very low serum levels of androgens 
are achieved led lo the hypothesis lhal peripheral con- 
version of adrenal steroids lo polenl androgens could 
be sufficient to sustain the androgen signal, causing 
tumour growth and lailurcot androgen ablation Ihera- 
py"' 1 . This hypothesis resulted in clinical i rials using 
total androgen ablation (also called maximum andro- 
gc ii I loekade) (IV >\ 1 i lo block residual androgen action 
at the ART I lowever, so far, this therapy does not seem 
to provide any survival advantage 32-34 . 
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Type 2: the promiscuous pathway 

Most AIPCs express the A R pro loin. Whereas some of 
these I ii in. 11 1 rs, ,il least initially, liave adapted to the low- 
androgen environment, others acquire mutations that 
allow them to circumvent the normal growth regulation 
by androgens. It seems I ha mam cases of AIPC do not 
develop from a loss of androgen signalling, but rather 
from the acquisition ol genetic changes that lead to 
aberrant activation of the androgen signalling a.\is Jl . 
These changes arc usually missense mutations in the AR 
gene Qial decrease the specificity of ligand binding and 
allow inappropriate activation by various non-androgen 
steroids and androgen antagonists. 

AR mutations. The AR gene is located on the X chro- 
mosome and is not necessary for survival, so germ-line 
loss-ot-iunction mutations in the AR, resulting in the 
androgen-insensitivity syndrome, are frequent 5 . The 



incidence of somatic AR mutations within prostate can- 
cer cells is unclear owing to contradictory reports 14 . This 
is probably due to cellular heterogeneity within 
tumours, differences in the methodology for detecting 
mutations, and variations in the stage ol tumours exam- 
ined. RclciiI results, however, indicate that there is an 
increased incidence of somatic AR mutations in 
metastatic sample s , continuing the earlier data ol 
la [din n al. l °. Microdissection of tumours and laser 
capture techniques ' will probably resolve this contro- 
versy, and this method should be considered in all 
tut ure studies of AR mutations in metastatic specimens. 
On balance, it seems likely that the Ircqucncyol muta- 
tions in the AR is significantly increased in tumours 
after androgen ablation therapy, whereas most studies 
have reported few AR mutations in primary tumour 
samples collected be] ore therapy 1 This indicates 
that acquisition of mutations in the AR is likely to be 
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Box 3 | Shared features of breast and prostate cancer 

The study of how androgen- independent prostate cancer IA1PC) develops raises 
interesting basic scientific questions about cancer biology, and there are many parallels 
with the development of steroid hormone independence in other tumours. The cancer 
that has provided the most insight into AIPC is breast cancer. Most important is the 
hormone dependent nature of these cancers, leading to an interplay between the cancer 
cell and the endocrine system. In both types of cancer, this crosstalk has resulted in the 
use of endocrine modulators for therapy. Unfortunatelv, botli cancers can progress to 
hormone-independent disease. As with prostate cancer cells and androgen receptors, 
breast cancer cells that express oestrogen receptors are dependent on oestrogens to 
promote proliferation and inhibit apoptosis. Effective breast cancer therapy in these 
tumours includes blocking the oestrogen receptor pathway using oestrogen antagonists 
(anti-oestrogens). The two anti-oestrogens in general use — tamoxifen and raloxifene 
— both have differential agonist and antagonist activity in various organs and are 
therefore called selective oestrogen receptor modulators ( SERMs) M . A subset of patients 
treated with anti-oestrogens or SERMs will initially respond, but might later recur with 
oestrogen-independent tumours. 

one mechanism lor the development of AIP( . Ii seems 
reasonable that gaiii-of-function mutations that lead to 
a growth advantage by the tumour would be selected 
lor. It is interesting that the loss-ol-lunction mutations 
in the androgen-insensilivily syndrome are at different 
positions within the AR than the gain of function 

Although only a few mutations in the AR have been 
studied in detail, a mechanism lorthe development of 
AIPC has emerged from these studies. In cells with ihese 
AR mutations, the androgen signal is maintained by 
broadening the number of brands that can bind In and 
activate the receptor. Normally, the AR is specifically 
activated by testosterone and DHL but mutations in the 
ligand-bind ing domain u iden this stringent spo ifu ity. 
As a result, the malignant cells can continue to prolifer- 
ate and avoid apoptosis by using other circulating 
steroid hormones as substitute androgens when the 
level of androgens is low. 

I'he first AR mutation of this type wasdiscovi red in 
LNCaP cells 36 . LNCaP cells express high levels of AR, 
and androgens stimulate them to grow and express 
prostate -specific antigen (PSA) — a widely used and clin- 
ically important marker lor prostate cancer cells. 
However, owing to a mutation in the AR, other steroid 
hormones, as well as the androgen antagonist tlutamide, 
activate the AR and stimulate proliferation. Sequencing 
of the AR gene from LNCaP cells revealed a missense 
mutation in amino acid 877, which is located in the lig- 
and-binding domain. This mutation results in the sub- 
stitution of alanine for threonine at position 877 
(T877AV" (Ho. o. Molecular studies showed that hor 
ni ones such as progestins, oesl ror.ens and an I i -andro- 
gens illicitly bind to this mutant AR and act as 
agonists During androgen ablation therapy, it is likely 
that this mutation undergoes clonal selection, confer- 
ring a growth advantage to cells that harbour the muta- 
tion'*. Cad di pat i el aV examined 21 tumour samples 
from patients with metastatic prostate cancer and found 
the T877A mutation in six of the samples (25%), indi- 
cating that the mutation is relatively common in 
patients with AIPC. Promiscuous AR activators include 
adrenal androgens and metabolic products of DHT' 1 '- 33 . 




The promiscuous receptor mechanism can also 
explain the clinically observed phenomenon of 'ilu- 
l an licle w ithdrawal syndrome', in which patients show 
clinical worsening with tlutamide, but then improve 
when tlutamide is withdrawn 39 . Flutamide is an effec- 
ivc antagonist of the wild-t) pe AR and so is used in 
androgen ablation therapy ,r, >\ 1 1,1ml sonic patients 
treated with this anti-androgen experience a rapidly 
rising PSA level. This seems to be due to selection of AR 
nui I at ions tli a I yield a pi\ niisciious receptor. In a series 
of bone marrow metastases, T877A mutations were 
found in o out of Id patients who icccived combined 
androgen blockade with flutamide 13 . Cells harbouring 
these mutant AKs were strong!) stimulated to grow by 
llulaniide, whereas patients not treated with llulaniide 
had different mutations that were not stimulated to 
grow by flutamide. These findings indicate that AR 
mutations occur in response to strong selective pres- 
sure from flutamide treatment 13 . In patients harbour- 
ing such tumours, discontinuing flutamide results in 
initial tumour regression before growth eventually 
resumes. On a molecular level, the T877A mutation 
changes the AR response to llulaniide from an antago- 
nist to an agonist. Interestingly, the T877A mutant AR 
docs no have the same response to other anli-andro- 
gens such as bicalutamide (casodex). Many other 
mutations in the AR have been identified 40 and are cat- 
alogued in the Androgen Receptor ■ tone Mutation- 
1 >a ta base. It is unclear how many other mutations use 
the same promise nous receptor mechanism and allow 
prostate cancer cells to become androgen independent. 

Crystallographic studies of the ligand-binding 
domain of the wild-type AR 41 and the T877A mutant 
AR 42 have recently revealed that substituting alanine for 
threonine in the ligand-binding pocket explains the 
abililx of the mutant AR to accommodate progesterone 
and other ligands that the wild- type receptor cannot. 
Similarly, the CWR22 tumour cell line has an II874Y 
mutation (substituting tyrosine for liistidine) that influ- 
ence s binding ol co-act iva lor proteins by affecting the 
conformation of helix 12 (REE 43). 

The MDA PCa 2a and 2b cell lines, established 
from a bone metastasis in a patient who had recur- 
rent metastatic disease that developed after orchiec- 
tomy 44 , also harbour promiscuous ARs 43 ' 46 . Like 
LNCaP cells, MDA PCa 2a and 2b cells express the 
AR, and androgen si i inula les PSA expression and cell 
growth. However, the AR has reduced allinily lor 
androgens, and MDA cells are less sen si live to andro- 
gens than LNCaP cells 46 . We identified two distinct 
missense mutations in the AR ligand-binding 
domain' 1 ". Double mutations in the AR have been 
reported previously"', bill never both in the ligand- 
binding domain. This mutated AR had the T877A 
mutation, as well as a previously identified 47 leucine- 
to-histidine substitution at amino acid 701 
(L 701 HI '". We reasoned dial these two mulalionsin 
the ligand-binding domain were likely to change the 
specificity of ligand binding to the AR (FIG. 3). In fact, 
the L701H mutation alone decreases the ability of AR 
to bind and respond to DHT' 45 . However, the L701H 
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mutation dlso enhances the binding of other adrenal 
corticosteroids, par lien lark lite glucocorticoids Corti- 
sol and cortisone. The T877A mutation has a syner- 
gistic effect by increasing the affinity of the AR for 
glucocorticoids in- . ! ui |0l > more than the 1.7011 1 muta- 
tion alone 45 . Jn this doubly mutated AR, Cortisol and 
cortisone function as AR agonists (heme litis mutant 
is named AR C ", for Cortisol and cortisone responsive), 
and illicit binding leads to the induction of AR- 
rcspoiisive genes such as PSA (FT ,. >). So, in cells with 
the AR" 1 mutation, glucocorticoids can substitute for 
androgens and promote a itch ogen-independent 
growl I) '. because of the high affinity of glucocorti- 
coids for the AR ccr , it is likely that physiological levels 
of circulating Cortisol and cortisone would be suffi- 
cient to promote tumour growth in patients with this 
double mutation. The frequency of this mutation in 
prostate cancer patients is unknown but the L701H 
mutation, which is sufficient to render the AR 
responsive to corticosteroids, hasbeen reported three 
limes 1 '. < 'bviously, Ibis type of patient should not be 
treated will) hydrocortisone. I lowcver, sonic synthet- 
ic glucocorticoids have low affinity for the AR ccr and 
might be useful therapeutically to suppress endoge- 

further investigation. 

Recently, spontaneously occurring AR mutations 
have been found in the TRAMP transgenic model of 
prostate cancer 21,22 ' 48 . These differ depending on 
whether the mice have been cast rated. The mutations 
cluster in three regions of the AR: the highly con- 
served signature loop in all nuclear receptors; the 

region Hanking lite si I e where P i v v.vrnns bind; 

and the boundary between the hinge and the ligand- 
b hiding domain. ( on si si cut with the AR mutations 
described above, many of the AR mutations found in 
clinical cancer cases result in decreased specificity of 
ligand binding anil inappropriate receptor activation 
bv non-andn igeiis, yielding t prmniscuoiis \U phc- 
nolype- 1 . But not all A1PC s with apparent!) promis- 
cuous ARs harbour mutations in the AR. This has 
been shown by selecting tor A 1 1 H cells in castrated 
immuno deficient mice 49 . In another example, the 
LNCaP cell line was continuously selected for by 
growth in androgen depleted medium over many 
passages, and a variant cell line emerged"'". This cell 
line — called LNCaP-abl — had a fourfold higher 
expression ol AR and a AO-fold increase in basal AR 
transcriptional aclivih compared with the parental 
LNCaP line. In the LNCaP-abl cell line, casodex 
which it net ions as an AR antagonist in I be parental 
cell line — functions as an agonist 50 . But despite these 
changes, the AR in LNCaP-abl cells was not amplified 
and had only the paren tal LNCaP T877A mutation. 
Clearly, a mechanism other than mutations in the AR 
is promoting turnout' progression. In these examples 
of experimental selection for AIPC cells, both in cas- 
trated mice and in cultured cells, one possibility is that 
co-regulatory molecules that interact with ami either 
enhance or repress the AR signal might be responsible 
tor the increase in AR responsiveness*'. 
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Figure 3 | The promiscuous androgen receptor. 

a | Mutations that broaden the specificity of the androgen 
receptor (AR): in the wild-type receptor, testosterone (T) and 
dihydrotestosterone (DHT) are agonists, whereas flutamide is 
an antagonist. The T877A mutant is activated by various 
non-androgenic steroid hormones, and flutamide also 
behaves as an agonist. The L701 H mutant has reduced 
but when the 

T877A and L701 H mutations are combined, the resulting 
receptor (AR' :CI ) has high affinity for corticosteroids, 
b | Models of the ligand-binding sites from the wild-type AR 
(left) and AR"' (right) with DHT bound, showing the extra 
space generated by the mutation of residues 701 and 887. 
Residues 701 and 877 are shown as space-filling models 
(carbon, white; nitrogen, blue; oxygen, red), and DHT is 
shown as a ball-and-stick model A hydrogen bond can form 
between DHT and T877, but not between DHT and A877. 
(Images courtesy of Stanley R Krystek and John Sack 
Bristol-Myers Squibb, Princeton, New Jersey, USA.) 



Co- regulator alterations. Si veral proteins act together 

wilh steroid hormone recepiors as co- activators and 
corcprcssors of transcript ioirc A recent report of a case 
of andmgcn-insciisilivip syndrome implicated an 
a b n orn i a I ci i-a c I i va I or as the defect in androgen action, 
as the AR did not have a mutation 51 . Modulation of 
ihcsc ci -regulatory pn lei ns and their kmc lion is likely 
to be another mechanism by which prostate cancer pro 
gresses to AIPC. Breast and ovarian tumours — which 
can also progress from steroid hormone dependence to 
independence (BOX 31 — can use tins mechanism, for 
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example, a member ol I be steroid ri ccplor co- activator 
1 (SRC I) family of nuclear receptor co-activalors,AIBt, 
i an 1 jililred in some breast and ovarian I umours 52 . This 
protein interacts with the oestrogen receptor (F,R) and 
enhances the transcription ol oesi (■ >}>ei)-reitul.iied 
genes 52 . SRCf family members seem to function in a rel- 
atively large number of tissue types, whereas a u .-activa- 
tor, A.RA70, is said to be specific for androgen-respon- 
sive genes 53 , although divergent results have been 
reported 51 ' 55 . In the I H 1 1 15 met astatic prostate cancer 
cell line, colransfeclion of AR and ARA70 specifically 
enhanced transcription ot'andn igem responsive genes". 
ARA70 also facilitates the conversion of several andro- 
gen antagonists to agonists in this cell line 5 ". 

Gregory etui, recently showed thai overexpression of 
two co activators, i ICi and SR( 1, occurs in some speci 
mens from recurrent prostate cancel s ami from prostate 
cancer cell lines. When combined with promiscuous 
ARs that have ligand binding domain mutations, these 
changes are associated with increased AR activation, 
even at physiological concentrations of adrenal andro- 
gens-''. The authors believe that most recurrent prostate 
cancers overexpress co-activators, thereby facilitating 
AR transact ivation and enhancing responses to low lev- 
i Is of androgens. This would n pit sen I a combination of 
the liypersensitivc palliwax and the promiscuous path- 
way, and emphasizes the fact that several mechanisms 
can contribute to a single case of AIPC. 

Although overexpression of co-activators is a possible 
mechanism for creating or enhancing promiscuous ARs 
in some tumours, a decrease in corepressor expression is 
equally likely to have similar effects. Again, research on 
breast tamer is a good model lor ibis i net banisiu. 
Decreased expression of the n u clear receptor co-repres- 
sor (N-CoR'i correlates with resistance to i t if u\ 
o in pa lien K with breast cancer 57 . Normally, transactiva- 
tion by the ER is blocked by tamoxifen if N-CoR is 
bound lollu f R. Without the corepressor function of 
N-CoR, tamoxi lei 1 1 xvon ic s a 1 1 ago 1 1 ist , leading to activa- 
tion ol 'oestrogen-responsive genes' 7 . Although there are, 
at present, no reports of similar events in prostate cancer, 
it is feasible that loss or decrease of AR corepressors 
would create a promiscuous AR by allowing molecules 
that normally do not activate the AR to lake on the func- 
tion of agonists. In the case of an androgen ablated 
palient.iorepressor loss might at tivate the AR signal for 
proliferation in the tumour cells, causing AIPC. 
Conformational changes in I he AR, induced by various 
ink-railing proteins, ,i re probably crucial lor regulation of 
these events. Delerniinine I be crystal structure of these 
proteins will he vital I or increasing, our iindcrslanding o 
ibis mechanism of hormone- independent growth, as 
well as for develop!] ig slice I ivc I rea 1 1 1 tent modalities. 



Type 3: the outlaw pathway 

Steroid hormone receptors that are activated by ligand- 
independcnl mechanisms haw been referred o as'otn- 
law' receptors 58 . An outlaw ER has been described in 
breast cancer, from which I Rs with mutations that are 
capable of either dominant-positive or dominant-negative 
n of oestrogen response elements were 



i den nl ied 5S . So far, no mutations in the AR have been 
reported to acquire this type of activity; however, oilier 
pathways can subvert the AR into becoming an outlaw. 

Growth-factor-activated outlaw pathways. V erlain 

growth t lelot s sllcll is : :. !.:■': It .1 

1 k i g h factor (KGF)andepi ,ma 

growlh la. tor EGF van activate the AR, creating an 
outlaw reccptor.and can Iberctore induce AR large! genes 
in t tie absence of androgen'"'. Kit- 1, 1 be most potent of 
I be lactors tested, induced a fivefold rise in bSA secretion 
in I.N C.aP tells' 1 . These grim lb fat tors are liganils for 
receptor tyrosine kinases and initiate complex intracellu- 
lar signalling cascades. It is unclear, at presenl, whether 
their effect on the AR pallm a\ is direct or is the result of a 
downstream molecule that is induced in the signalling 
pathway. An intriguing supportive finding is the discov- 
er) 1 that these growth factors seem to he overexpressed in 
some prostate cancers. Significantly, the AR antagonist 
casodex completely blocks activation of the AR by IGF-1, 
KGPand EGF 5 ". This indicates that the AR ligaiicl-bind- 
mg domain is necessary lor tins outlaw activation. 
Furthermore, the ability ol casodex lo block I Gl '-induced 
AR activation makes ibis mechanism an unlikely expla 
nation for AIPC in patients who fail casodex therapy. It.is 
possible that upregulation of growth factor expression — 
combined with AR mutations could result in AIPC in 
such palienls,hul further research is needed lo lest ibis 
hypolhesis. Nevertheless, these experiments" 1 ' bad the 
iniporlanl impact of highlighting the significance of 
tyrosine kinases in AR signalling and prostate cancer. 

Receptor-tyrosine-kinasc-activatcd outlaw pathways. 
Studies in breast and ovarian cancers have provided 
evidence of a connection between nuclear receptor sig- 
nalling and receptor tyrosine kinases. HER-2/neu (also 
known as ERBB2) a member of the EGF- receptor 
family of receptor tyrosine kinases is overexpressed 
in 20-30% of breast and ovarian cancers 60 . HER-2/neu 
has intrinsic tyrosine-kinase activity and can activate 
the PR in the absence of oeslrogenic ligand. Therefore, 
overexpression aillliR 2/iwu could lead lo oestrogen 
independent stimulation of ER- mediated signal trans- 
duel ion pa lb ways. Interest ingly, in breast cancer, over- 
exprcssion of/// R 2/ncu correlates wi I h oestrogen 
independence 61 , probably beta use HER-2/neu activa- 
t ion iiiclircclb lead- r phosphorylation and activation 
of the ER in the absence of oestrogen 62 . 
Phosphorylation therefore creates an outlaw ER, 
resulting in the oestrogen-independent growth of 
breast cancer cells 62 . 

'flic AR can be turned into an outlaw receptor by the 
same mechanism: lli.R-2.hwu is consislen I ly overex- 
pressed in AlPC-cell sublines that are generated from 
xenografts implanted in castrated mice 63 , and androgen- 
dependent cell lints can be converted lo androgen-iiicle- 
pendent cells by overexpressing Ili.k-2/ih'u. 
( h-erexpression of HER-2/neu can activate AR-depen- 
dent genes in I be al isei ice ol AR ligand'"" 1 , bill not in the 
absence of AR. However, unlike the effect of IGF-f , the 
outlaw AR created by HER-2/neu overexpression could 
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I yuro I | How growth factor signal transduction creates 01 

tumour cells of a patent receivng androgen abaticn therapy, HER-2/neu (and possibly other 
receptc tyrosine k nases) ca- oecome overexpressed HER-2/neu indirectly activates 
mitogen-activated protein kinase (MAPK). MAPK might phosphorylate the androgen receptor 
(AR), creating an androgen-independent 'outlaw' receptor. An alternative means by which 
HER-2/neu (or other pathways) might activate the AR is by activating the AKT (protein kinase B) 
pathway. In this pathway, activation of receptor tyrosine kinases, such as HER-2/neu, increase 
the level of phosphatidylinositol (3,4,5)-trisphosphate (Ptdlns(3.4,5)P 3 ) by activating 
phosphatidylinositol 3-kinase (PI3K). Another pathway might involve motivation of the lipid 

erted back to its substrate, 

Ptdlns(4,5)P 2 . AKT is activated by D td ri3(3.4.5P . and m q it bo able to produce an outlaw AR 

by phosphorylating it. AKT rji i ti it | mil I i ! I i I it i ml 

inactwating pro-apoptotic molecules such as BAD and procaspase-9. ARE, androgen 



not be blocked by ca.sodcx, indicating llial this pathway is 
independent of the AR ligand-binding domain 6 '. 

Taken together, I li esc (hidings indicate that activa- 
tion ofHER-2/neu is an important iiiechaiiism for die 
progression lo lioniionc refractory disease in some 
brcasl and prostate cancers. This led lo ibe iberapeutic 
strategy of trying lo prevent outlaw receptor formation 
In- blocking the 1 1 KR-2,'ncu receptor. Trastuzumab 
( ! lera pliiP a n i. in. h H i.i I antibod; agains 111 R- 
2/neu — was developed as a therapeutic agent to block 
this pathway'''. In pa lien Is with metastatic breast can- 
cers ilial overexpress I ih.R-J/neu, 1 lerccptin increases 
the clinical benefit of first line chemotherapeutic 
agents'". It also shows a bench I as a first -I hie a gel il in 
some patients who have failed oilier therapies 66 . Might 
Herceptin be of benefit in patients with AIPC? When 



tested in androgeii-dependeiil ICWR22 and I.NCalM 
and aik.O'gcii-.ikkpcn..c::l < \* R22R . ru-ialc i.u .el 
xenografts, I lerceplin showed some antiproliferative 
a i liv ly in ic a' dime -dependenl models bnl, when 
combined with the Jiunoihcrapy drug pacbuxci, it 
showed additive activity in both androgcn-dcpcndc nt 
and aiulnigen-indepeiHlenl model systems"". 

Recent research lias begun to reveal further dclails of 
the lll'R-2/ncu signalling cascade in prostate cancer 
cells. Yeh el A and colleagues" indicate thai I lt:R-2;neu 
i ill.: :<.•.'■ 'Ic Ibe A.\ lb:' ut.li a : ulogi ii ,. v >• lied pro 
t«-in kinase (MAIM.'/ pathway: inhibitors of MARK 
decreased 1 IKK- 2/neu- mediated activation of the AR. 
MAPK can phosphorylate Ibe AR in Win), and leads to 
AR aelivalion in cell lines"', from lliese results, a hypo- 
tbeiicil pathway for the developnienl of AIP( can be 
predicted ;''to. 0. Allbongb there is strong experimental 
evidence for Ibis mechanism, future investigation is 
needed lo ascertain whether tins is truly a pathogenic 
pathway hi live in patients who develop AIPC. 

The AKT pathway. Hired analysis ol cancer samples has 
led to additional advances in our understanding of 
AIPC. An example of this was the discovery of the 
tumour suppressor gene P; J V, which was identified as 
a hot spot for mutations in glioblastoma, breast and 
proslale cancers"", and is lrci|iienlly. Iiiih lionally inaili 
valed in advanced melaslalii prostate cancer 59 . PTEN is 
a lipid phosphatase that removes ibe < ph.'spluk in mi 

■ p .'-pi hi aled in. is lul lip ds, sik Ii a- : bus: h.:lid\ I 

inositol (3,4,5)- trisphosphate 70 . 3-phosphorylated inosi- 
tol lipids are second messengers that activate a protein 
kinase called AKT or protein kinase B (PKB)" " 73 (fig. 4). 
The AKT pathway has been suspected of contributing to 
tumorigenesis because of its anti-apoptotic activity. 
AKT phosphorvlates and inactiv ates several proapop- 
totie proteins, including is.M '> and pr<scas|M« 9o;i;t'.7 i) 
(fig. 4). So, in normal cells, by blocking the AKT path- 
way, PTEN allows cells to undergo apoptosis, whereas 
tumour cells that have losl I'THN function have 
increased AKT activity thai blocks ibis signal lor apop- 
tosis. AKT has also been shown lo regulate cell cycle 
progression through a pathway Ihat ultimately down- 
reiiiilales the cell cycle inhibitor v./'.;ii.. . . 

Might the AK f pathway he involved in prostate 
tumour progression and the development of AIPC? To 
lest ibis hypothesis, Graff and colleagues • esiahlisbed 
androgen-independent cell lines (LNAI) from 
xenograflsol l.NCaP cells thai grew in castrated mice. 
They found increased AKT activity in the androgen 
independent T.NA1 cell line compared with the parental 
andi'ogeii-depeiicleiil I.N( ah cells. Thc\ also found thai 
owrexpressing AKT in LNCaP xenograft tumours 
accelerated tumour growth and doiviircgulalcd the 
expression of p27 in these- cells"". I lowever, the aetiologi- 
cal role i I AK f remains to be confirmed. 

AK T might also be an alternative way by which 
HER 2/neu leads to outlaw A R aelivalion"" 8 (HG.4), 
as HER-2/neu can activate the phosphatidylino.sitnl 
3-kinase (P13KV AKT pathway" 8 . AKT that has heen 
activated by I I 2/neu ig illm phorylates the 
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(PIN). Dysplastic cellular 
changes confined to the 
prostatic epithelium and 

prostate. 



AR 11 serine I Ser) 213 andSer791 (REE 77), turning it 
into an androgen-independent outlaw receptor, 
furthermore, litis HER 2/neu mediated activation of 
the AR could be blocked by expressing a dominant- 
negative AKT 77 . The relationship between these 
results and the activation of AR by the MAl'K path- 
way are at present unclear, and whether this pathway 
is involved in AIPC development remains to be deter- 
mined. However, HER-2/neu expression seems to 
increase with progression to AIPC 79 , so no matter 
which of these kinases is responsible for the effect, 
llierapeulii trinket in;', ol'IIHR-2/iieu in some cases of 
prostate cancer might be warranted. Recent investiga- 
tion indicates that the AKT pathway might also be 
important in the development of tamoxifen-resistant 
breast cancer' 1 . 

Type 4: the bypass pathway 

The mechanisms discussed so far require the presence 
of the AR and its signalling i as, adc li i the development 
of AIPC. I lowever, it is also possible [hat complemen- 
tary or alternative pathways can be invoked that are 
capable of bypassing be AR completely. As previously 
d i scu ssed, A kadi va l ion stimulates androgen-depen- 
denl cancer cells to proliferate, and depletion of andro- 
gens results in apoptosis. An effective bypass of the 
androgen signalling cascade would facilitate prolifera- 
tion and inhibit apoptosis, even in the absence of andro- 
gens and AR. When crucial survival pathways are target- 
ed by therapy, there might be selection for mutations 
that upregulate parallel pathways that can provide a 
substitute sun ival signal. In the case of prostate cancer 
patients being. Irea led with androgen ablation, blocking 
the apoptosis signal would lie one such pathway for 
tumour cell survival. 

The BC12 gene is an obvious bypass candidate gene 
that can block apoptosis. BCL2 is not normally 
expressed in the secretory epithelial cells of the 
prostate 1,1 . But H' .I.J is Ircquenlh expressed in pre- 
nialignant ™ wr.vnc ixi r.wm i'helialneoplasia (PIN), as 
well as in AIPC/". Purlbermore, Liu el ul. n deleded [lie- 
emergence of BCL2 expression in tumours that initially 
did not express it, by selecting for growth of prostate 
cancer xenografts in castrated mice. Blocking BCL2 
with antisense ol igi > n tieleol i des del ayed the emergence 
of AIPC in a LNCaP xenograft model 84 . Upregulalion of 
BCL2, then, could I iypass ibe signal lor apoptosis that is 
normal!) generated by androgen ablation. In support of 
tins mechanism, many cases of AIPC, both in humans 
and in rodent models, have been found to overexpress 
/i( .7 > ;i;t'"'s svs"o. I lowevt r, overexprc ssion ol B( ".I.J is 
not essential for the formation of AIPC 85 presumably 
because other bypass pathways or one of the other four 
mechanisms (TABLE I) can substitute. 

Further studies are needed to understand the exact 
mechanism by which tbcsc bypass pathways interact 
with AR signalling. It remains possible that the path- 
ways directly intersect at a junction yet to be elucidated. 
Many other oncogenes and tumour suppressoi genes, 
in addition to BCL2, could have a similar bypass role in 
the development of AIPC 10 , but discussing each of 



these genes is beyond the scope ol this review. It seems 
like I; thai androgen ablation therapy would provide 
the selective pressure needed for some tumours to 
adapt to and escape from llie etfeel of therapy by 
invoking an\ ol these In-pass mechanisms. 

Type 5: the lurker cell pathway 

Androgen ablation fails because cells thai are not 
dependent on androgen lor growth lake over and the 
t union r grows in an androgen- independent lash ion. 
As ibis review lias highlighted, there could be several 
mechanisms by which a cell can become androgen 
independent and so lead to failure of androgen abla- 
tion therapy. 1 lowever, John Isaacs has postulated"" 
[hat androgen ablation therapy might fail, and AIPC 
eventually develop, because a subpopulalion of 
androgcn-indepcndenl tumour cells was present 
even before therapy was initiated, the putative 
epithelial stem cells among the basal cells of the 
prostate are believed to be androgen independent: 
heir rales of proliferation and death are not affected 
by androgen ablation 3 . According to this model 86 , if 
the epithelial stem cell transformed and became the 
origin of a prostate cancer, the following events 
would occur: lirsl, in the pre senee of androgens, most 
of the epithelial stem cell progeny would dillcrenliale 
into andivgcn-dcpcndcnl epithelial cancer cells that 
would comprise most of the tumour; second, after 
androgen ablation, the androgen-dependent cells 
would be eliminated bill the androg.en-independenl 
malignant epithelial stem cells, w hich have been lurk- 
ing in the background all along, would remain \ iable; 
and third, these- malignant epithelial sli-in tells would 
continue to proliferate and ultimately result in the 
relapse ol the disease as AIPC. 1 1 is tantalizing to con- 
sider that prostate tumours resist apoptosis and pro- 
liferate by adopting features of normal prostatic 
slem 'progenitor cells, and that basal cells — the puta- 
live stem/progenitor cells of the prostate are 
androgen independent, just like most advanced 
prostate canters 87 . Oh I I el nV provide evidence to 
support this hypothesis. They showed that I lie la I lor 
stage ol androgen independence results Irom clonal 
expansion of androgen-independent cells that are 
present at a frequency of about 1 per IiT-lO 6 andro- 
gen- depend cut i ells. They ' "in I tide lb a I pnisl ale 
cancers contain heterogeneous mixtures of cells that 
vary in their dependence on androgen for growth 
and survival, and thai treatment with anli-androgcn 
therapy provides selective pressure that alters the 
relative frequency of these c< lis, thereby leading to 
oiil growths of androgen-independent cancers. 

This hypothesis draws parallels with certain types 
of human leukaemia thai relapse, despite effective 
iherapx that had reduced the malignant cells to unde- 
tectable levels. This might occur because stem cells 
that are resistant to chemotherapy, lurking in the bone 
marrow, regenerate the malignant population 5 "". I be 
potential lor a I ran stormed prostate epithelial stem 
cell to produce androgen-dependent progeny needs 
further investigation. 
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Concluding remarks 

The study of the pathways by which AIPC develops 
has led to a fascinating overlap between the fields of 
endocrinology and oncology. The pathways show 
how malignant cells can hijack (he endocrine system 
and develop alternative signalling pathways to subvert 
therapeutic attempts to control cell growth by andro- 
gen ablation. We do not believe that these five mecha- 
nisms exhaust he possibilities and, no doubt, further 
studies will reveal additional pathways. It is also possi- 
ble, if not likely, that a single cancer uses several 
mechanisms either initially or in a multistep progres- 
sion to AIPC. As prostate cancers use various schemes 
to subvert normal restraint on cell growth, successful 
therapy will require an individualistic approach based 
on the type of AIPC present. Effective therapy of 



AIPC will require that each patient's cancer be 
analysed so that aspecific targeted therapy can be ini- 
tiated 90 . To be successful, therapeutic measures will 
need to rescue the cells from the AIPC mechanism 
and restore normal growth regulation, or at least 
block the abnormal stimulation driving cell growth. 
Such approaches are already being developed 91 , as 
exemplified f>\ the use of I lerceptin to treat breast 
and prostate cancers in which HER-2/neu hyperactiv- 
ity is the cause of hormone independence 65 . By 
understanding the mechanisms exploited by the can 
icrs, new therapeulk targets are being rei ogni/ed" J . 
We anticipate that fresh diagnostic measures and 
additional therapeutic options targeted at the specilic 
delect will soon be added to our armamentarium in 
our efforts to thwart unregulated cancer cell growth. 
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Phospholipase A2 (PLA2) enzymes release arachi- 
donic acid from cellular phospholipids in a variety of 
mammalian tissues, including prostate. Group Ila se- 
cretory PI. A 2 (sPLA2) can generate arachidonate from 
cellular phospholipids. We examined the group Ila 
sFLA2 expression in benign prostatic tissues, pros- 
tatic intraepithelial neoplasia (PIN), and adenocarci- 
noma to determine whether sPLA2 expression is al- 
tered in the carcinogenesis of human prostatic 
cancer. Thirty-three of 74 total cases (45%) of benign 
prostatic tissue showed positive immunohistochemi- 
cal staining for group IIA sPLA2, whereas 63 of 69 
total cases (91%) of high-grade PINs and 70 of 78 total 
cases (90%) of adenocarcinomas gave positive results. 
Four of 10 cases of low-grade PIN showed positive 
immunoreactivity for sPLA2. The number of cells 
staining for sPLA2 was significantly less in benign 
epithelium (4%) and low-grade PIN (4%) compared to 
high-grade PIN (40%) or adenocarcinoma (38%) (P < 
0.001). There was no significant difference between 
high-grade PIN and adenocarcinoma in the number of 
cells staining positively for sPLA2. The intensity of 
sPLA2 immunoreactivity was also different among be- 
nign prostatic tissue, low-grade PIN, high-grade PIN, 
and prostatic adenocarcinoma specimens. The malig- 
nant cells demonstrated more intense immunohisto- 
chemical staining (moderate to strong staining in 81% 
and 69% cases for high-grade PIN and adenocarci- 
noma, respectively) than benign glands (moderate 
staining in 11% of cases). No strong staining was 
observed in benign glands or low-grade PIN. Our data 
are consistent with the contention that group IIA 
sPLA2 expression is elevated in neoplastic prostatic 
tissue and support the hypothesis that dysregulation 



of sPLA2 may play a role in prostatic carcinogenesis. 
(Am J Pathol 2002, 160:667-671) 



In mammalian cells, phospholipases A2 (PLA2s) are en- 
zymes that release free fatty acids through catalysis of 
membrane phospholipids at the Sn-2 position. The result- 
ing product, arachidonic acid, is metabolized to produce 
[i taglan Jin in < eul triene th it me Ji ite i in erse 
array of biological activities including inflammation, mito- 
genesis, and tumor cell invasion. Several reports have 
implicated arachidonic acid and its metabolites as fac- 
tors regulating cellular proliferation and apoptosis. 1-3 Ar- 
achidonic acid has also been implicated in the pathway 
of tumor necrosis factor- and Fas-induced apoptosis in 
various cell lines. 4-6 

Several types of PLA2s have been identified. 7,8 Seven 
low molecular weight (14 kd) sPLA2s (including group IB, 
IIA, ID, HE, III, V, and X) are known to be present in both 
the intracellular compartment and extracellular milieu. 
The 40-kd form is a calcium-independent enzyme, which 
is referred to as iPLA2. Cytosolic PLA2 (cPLA2) is a high 
molecular weight (85 kd) form found predominantly within 
the cytosol of cells. cPLA2 activity is regulated by intra- 
cellular Ca 2+ concentrations 8 9 and shows characteristic 
preference for hydrolyzing arachidonic acid at the sn-2 
position. In contrast, sPLA2s have a broad substrate 
preference. 8 

Reports have been published linking arachidonic acid 
and its metabolites with prostatic malignancy. 10-15 Be- 
cause phospholipase activity is required for phospholipid 
metabolism and subsequent generation of arachidonic 
acid, aberrant expression and function of sPLA2 may 
play a role in prostatic carcinogenesis. However, little is 
known about sPLA2 expression in human prostatic tis- 
sues. In this study, we determined the level of group IIA 
sPLA2 expression in specimens of human prostatic ad- 
enocarcinoma, its precursor lesion [(high-grade prostatic 
intraepithelial neoplasia PIN)], low-grade PIN, and be- 
nign prostatic tissue. 
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Materials and Methods 

Tissue Samples 

Seventy-eight cases of radical retropubic prostatectomy 
and bilateral lymphadenectomy between 1990 and 1994 
were obtained from the surgical pathology files of Indiana 
University Medical Center. Patients ranged in age from 
51 to 78 years (mean, 63 years). Grading of the primary 
tumor from radical prostatectomy specimens was per- 
formed according to the Gleason system. 16 The Gleason 
grade ranged from 4 to 10. Pathological stage was per- 
formed according to the 1997 TNM (tumor, lymph nodes, 
and metastasis) system. Pathological stages were T2a 
(n = 11 patients), T2b (n = 35), T3a (n = 26), and T3b 
(n = 6). Six (8%) patients had lymph node metastasis at 
the time of surgery. 



Generation of Rabbit Polyclonal Antibody to 
sPLA-IIA 

Rabbit polyclonal antibody specific to sPLA2-IIA was 
generated by immunizing rabbits with purified, recombi- 
nant human sPLA2-IIA protein. The antisera were affinity- 
purified. The specificity of the purified IgG antibody was 
confirmed by staining Chinese hamster ovary (CHO) cells 
that stably expressed sPLA2-IIA. CHO cells expressing 
sPLA2-X or sPLA-V did not stain with this antibody (Eli 
Lilly and Company, Indianapolis, IN). 



Immunohistochemical Studies 

Serial 5-/j,m-thick sections of formalin-fixed slices of rad- 
ical prostatectomy specimens were used for the studies. 
Tissue blocks that contained the maximum amount of 
tumor and highest Gleason grade were selected. One 
representative slide from each case was analyzed and 
we recognized the limitation of sample variation. Slides 
were deparaffinized in xylene twice for 5 minutes and 
rehydrated through graded ethanols to distilled water. 
Endogenous peroxidase activity was inactivated by incu- 
bation in 3% H 2 0 2 for 15 minutes. The nonspecific bind- 
ing sites were blocked by incubating with 10% normal 
horse serum in phosphate-buffered saline (PBS) (0.01 
mol/L phosphate, ph7.4, 0.137 mol/L NaCI). Tissue sec- 
tions were then incubated with the polyclonal rabbit an- 
tibody against human sPLA2 (1:76,000 dilution) for 60 
minutes at room temperature. After washing with PBS, 
biotinylated goat anti-rabbit IgG was applied for 30 min- 
utes. Additional washing was followed by incubation with 
peroxidase-labeled streptavidin for 30 minutes. Immuno- 
reactivity was visualized by incubation of sections with 
diaminobenzidine in the presence of hydrogen peroxide. 
Sections were counterstained with light hematoxylin and 
mounted with a coverslip. All of the procedures were 
performed at room temperature. No enzymatic pretreat- 
ment was required for antigen retrieval. Positive and neg- 
ative controls were run in parallel with each series and 
appropriate results were obtained. 



The extent and intensity of staining were evaluated in 
benign epithelium, low-grade PIN, high-grade PIN, and 
adenocarcinoma from the same slide for each case. Mi- 
croscopic fields with the highest degree of immunoreac- 
tivity were chosen for analysis. At least 1000 cells were 
analyzed in each case. The percentage of cells exhibiting 
staining in each case was evaluated semiquantitatively 
on a 5% incremental scale ranging from 0 to 95%. A 
numeric intensity score between 0 and 3 was assigned to 
each case on a scale from 0 to 3 (0, no staining; 1, weak 
staining; 2, moderate staining; and 3, strong staining). 

Statistical Analysis 

The mean percentage of immunoreactive cells in benign 
epithelium, low-grade PIN, high-grade PIN, and adeno- 
carcinoma were compared using one-way analysis of 
variance with a random subject effect to correlate the 
within-subject measurements. The intensity of staining in 
benign epithelium, low-grade PIN, high-grade PIN, and 
adenocarcinoma were compared using Cochran-Mantel- 
Haenszel tests for correlated ordered categorical out- 
comes. Pairwise comparisons between the tissue types 
were made if the analysis of variance revealed significant 
treatment effects. A P value <0.05 was considered sig- 
nificant, and all P values were two-sided. 



Results 

Immunoreactive group IIA sPLA2 was evident with an 
exclusive cytoplasmic staining pattern in cells (Figure 1). 
J immun re ti it sen in the ti m il ells FLA2 

immunoreactivity was found in 70 cases (90%) of cancer, 
63 cases (91%) of high-grade PIN, 4 cases (40%) of 
low-grade PIN, and 33 cases (45%) of benign glands 
(Table 1). The number of cells staining in benign epithe- 
lium (mean, 3.8%) and low-grade PIN (mean, 3.5%) was 
much lower than in high-grade PIN (mean, 39.4%; P < 
0.0001) or adenocarcinoma (mean, 37.5%; P < 0.0001) 
(Table 1). There was no significant difference in the per- 
centage of cells staining positive for sPLA2 between 
high-grade PIN and adenocarcinoma or between benign 
epithelium and low-grade PIN. The percentage of malig- 
nant cell in adenocarcinoma staining for sPLA-IIA was 
divided into two categories according to the mean per- 
centage of cell staining (<37% and >37% of cancer cells 
staining), and analyzed against the degree of tumor dif- 
ferentiation. The adenocarcinomas were grouped into 
low grade (Gleason grade 4 to 6), intermediate grade 
(Gleason grade 7), and high grade (Gleason grade 8 to 
10). No statistically significant difference was identified 
between percentage of sPLA-IIA-positive cancer cells 
and Gleason grade {P = 0.59). 

The intensity of staining also differed among benign 
epithelium, low-grade PIN, high-grade PIN, and adeno- 
carcinoma (Table 2). The majority of benign glands (55%) 
and low-grade PIN (60%) did not show any reactivity. 
Moderate staining (intensity grade 2) was evident in 1 1 % 
of the benign epithelium cases and no low-grade PIN 
cases. No benign epithelium or low-grade PIN showed 
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strong reactivity (intensity grade 3), In contrast, strong 
staining was evident in 29% (20 cases) of high-grade PIN 
and 33% (26 cases) of adenocarcinoma. Only a minority 
of the cases was negative (6% for high-grade PIN and 
9% for cancer) or demonstrated weak staining (10% for 
high-grade PIN and 22% for cancer). The percentage of 
staining was statistically higher compared to that of the 
benign epithelium and low-grade PIN (P < 0.0001). 
There was no difference in intensity of cell staining be- 
tween high-grade PIN and adenocarcinoma or between 
benign epithelium and low-grade PIN. The staining inten- 
sity of adenocarcinomas was also further analyzed ac- 
cording to the Gleason grade. No statistically significant 
difference was identified between staining intensity and 
Gleason grade (P = 0.71). 



There was no significant correlation between the per- 
centage of cells staining and patient age (r = 0), tumor 
stage (r = 0.21), lymph node metastasis (r = 0.17), 
Gleason grade (r = 0.05), or extent of tumor involvement 
in the prostatectomy specimens (r = 0.16). 



Discussion 

To our knowledge, this is the first report to characterize 
the immunohistochemical staining of group IIA sPLA2 in 
the high-grade PIN and prostatic adenocarcinoma. We 
found more intense cytoplasmic immunoreactivity for 
sPI_A2 in neoplastic prostate tissues (high-grade PIN and 
adenocarcinoma) compared to benign glands and low- 



Table 1. sPLAi Inimunorca.-iivitv of Benign and Neoplastic Prostatic Tissues in Radical Prostatectomy Specimens 



% of Cases Mean % of cells 

No. cases staining staining ±SE Range, % 



Benign epithelium 74 45.2 3.8 ± 0.6 0 to 30 

Low-grade PIN 10 40.0 3.5 ±1.5 0 to 20 

High-grade PIN 69 91.3 39.6 ± 2.9* 0 to 95 

Adenocarcinoma 78 89.7 37.5 ± 3.8* 0 to 95 



*, Indicates percentage ol slain ing slnlislically higher compared to that of the benign epithelium and low-grade PIN with a P value < 0.0001 using 
analysis of variance. There was no difference in percentage of cell staining between high-grade PIN and adenocarcinoma or between benign 
epithelium and low-grade PIN 
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Table 2. [ntensiu of sPLA2 Staining of Benign and Xeoplastic Prostate in Radical Prosrateotonn Specimens 







Staining intensity 






0 


1 


2 


3 


Benign epithelium 


40 (54.8%) 


25 (34.2%) 


8 (11.0%) 


0 (0%) 


Low-grade PIN 


6(60.0%) 


4 (40.0%) 


0 (0%) 


0 (0%) 


High-grade PIN* 


6 (8.7%) 


7(10.1%) 


36 (52.2%) 


20 (28.9%) 


Adenocarcinoma* 


7 (9.0%) 


1 7 (21 .8%) 


27 (34.6%) 


27 (34.6%) 



*, Indicates percentage of staining statistically higher compared to that of the benign epithelium and low-grade PIN using ( ;oehran-Mantel-Haenszel 
tests (P < 0.0001 for benign epithelium and P < 0.02 for low-grade PIN). There was no difference in percentage of cell staining between high-grade 
I 'IN and adonocaicinoma ot bobveoii benign epithelium and low giade PIN 



grade PIN. The percentage of positively stained high- 
grade PIN and adenocarcinoma cells was significantly 
higher than observed in the benign prostatic glands and 
low-grade PIN. There were no significant differences in 
the extent or intensity of sPLA2 immunoreactivity between 
high-grade PIN and adenocarcinoma or between benign 
epithelium and low-grade PIN. Neither the extent nor the 
intensity of sPLA2 immunoreactivity in prostatic adeno- 
carcinomas was related to Gleason grade. 

Increased immunoreactivity for group IIA sPLA2 in 
prostatic neoplasia seen in the present study agrees with 
previously published observations by Faas and col- 
leagues. 15 Using enzymatic analysis, these investigators 
demonstrated a two-fold enhancement of sPLA2 activity 
in human prostatic adenocarcinoma compared to benign 
prostatic tissue. Evidence indicates that malignant pros- 
tatic tissue contains significantly lower levels of arachi- 
donic acid in phospholipids. 17 " 18 Altered phospholipid 
metabolism in malignant prostatic tissues may result from 
increased utilization of arachidonic acid for the formation 
of prostaglandins and eicosanoids. These arachidonic 
acid metabolites may be crucial for the growth and pro- 
gression of malignant lesions. Chaudry and colleagues 19 
demonstrated a 10-fold increase in prostaglandin E2 syn- 
thesis from labeled arachidonic acid in malignant human 
prostatic tissues. Shaw and colleagues 20 also showed 
increased prostaglandin E2 levels in the effusions of a 
fast-growing, metastasizing subline of the Dunning 
R-3327 rat prostatic adenocarcinoma when compared to 
a slow-growing derivative. Taken together, these findings 
are consistent with our observation of enhanced expres- 
sion of sPLA2 immunoreactivity in high-grade PIN and 
prostatic adenocarcinoma. 

sPLA2 has previously been localized using immuno- 
histochemistry using human Paneth cells, chondrocytes, 
amniotic epithelial cells, and lacrimal gland cells. 21-23 
Expression of different sPL_A2 mRNA isoforms have been 
evaluated in various tissues. 24 Comparative expression 
of sPLA2 protein expression in other organs and their 
malignant counterparts has been published 25-29 The 
distinctive staining pattern of group IIA sPI_A2 between 
the benign and malignant prostatic glands suggests a 
utility of this antigen as a potentially useful diagnostic 
maker. Given the significant differences evident in the 
staining patterns, sPLA2 immunostaining might have an 
advantage over prostate-specific antigen and prostate- 
specific membrane antigen to differentiate between be- 
nign epithelium, high-grade PIN, and malignant prostatic 
cells. If present at all, benign epithelia show mainly focal 



sPLA2 staining. Even when positive, the staining intensity 
in benign epithelium is usually much weaker (one or two 
grades) than in adjacent malignant tissues. Because a 
minority (8.7% for high-grade PIN and 9.0% for adeno- 
carcinoma) of the neoplastic cases were not immunore- 
active, sPLA2 staining is not able to detect all of the 
prostatic cancers or high-grade PIN lesions. Further, a 
number of cases showed weak or moderate sPLA2 im- 
munoreactivity in benign epithelium. Therefore, the utility 
of sPLA2 as a diagnostic marker to distinguish benign 
from neoplastic glands is still limited. 

In summary, group IIA sPLA2 expression is elevated in 
the neoplastic human prostatic tissue raising the possi- 
bility that dysregulation of this enzyme may play a role in 
prostatic carcinogenesis. Our findings may have implica- 
tions for target validation and development of therapeutic 
strategies modulating phospholipid metabolic pathways 
in prostatic neoplasia. 
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tumors, Ras protein's are present in structurally altered 
forms that enable *w to release 3 flux of myogenic 
signals In-o cells, without ongoing sOrsfiotioa by their 
normal upstream regulator'; fMedema and Bos **5flr<; 

We suspect that growth signaling pathways suffer 
deregulation in all humar? tumors. Although this point 
is hard tc prove riyotousty a( present, the does, era 
abundant (Hunter, 199V). For example, in she best stud- 
ted of tumors-- human colon carcinomas--- sboui half 
of the tumors beat mutant rs$ oncogenes {Kinzfer and 

V«>a<Hst«Hn Ul'.nU Wo '•■■■■$•}<!' : dun ihotenoiiisng colonic 

tumors carry defects in other cempenerts of the growth 
signaling pathways that pbenocopy ras oncogene acti- 
vation. The nature of these alternative, growth-stimulat- 
ing mechanisms remains elusive. 

Under intensive study for two decades, the wiring 
diagram of the growth sigmun- otrcuitry of the mamma- 
Stance i corning 'i o I - v " » cJw- v >am 
effector pathways thai radiate from the central SOS- 
Ras-Raf-MAP kinase mitogentc cascade are being dis- 
covered with some reguindiy {Hom^r, tWi; Rommel 
and Hafcn SS9SK ' ; hi> cascade is also linked via a variety 
of cross-talking connections with other pathways; these 
cross connections enable extracellular signals to elicit 



rmtitipte cell bto'octtoa; ed- «d rot s > ""i. % the direct 
interaction of the Ras protein with the survival-promot- 
ing Pt3 kinase enables growth sign lis to concurrently 
evoke survival signals within ihe coll -Downward. 1998). 

While acquisition of growth signaling autonomy by 
cancer ceils is conceptually sslisf'yeig. it is also too 
simplistic. We have traditionally explored tumor growth 
by focusing our experimental attentions on the geneti- 
cally deranged cancer ceils (Figure 3. left panel) it is, 
however vre - , "'nb^ , vt> ceu o« 

Sation with:;-; a tumor cat- only :m oxtjlajtts.-d ;.-tae »■ 
understand the contdbutions of the ancillary cells pres - 
eoi in a tcotor— the apporentiy nermai bystanders such 
as fibroblasts and endothelial ceils— which must play 
key roles in driving tumor cell proliferation (Figure 3. 
right, panel) Within normal tissue, ceils are largely in- 
structed to grow by their neighbors {paracrine signals) 
or via syste nic (end r ^ " s ^ -Mi , ell or jvvEh 

signaling is iikety to operate in the vas ; majority of human 

distinct cell types that appear to communicate via het- 
erotypic signaling. 

Hete-Jtyptc signaling between the diverse ceil types 
within a tumor may ultimately prove to be as important 



The Reductionist View 
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ifcf fiski o: cenctr reseerc! '155 iargeiy tvaen 

era! the genes witiw: then " *M 
cus tha* fas prod-Kan aa ejitranrfSinary bony 
of knovAitit".- Looking forassti in ts«e, we 
tKSfajve tha! i:caaO"fir >>. iiiroarii wii: coma 

sgsrdbg itirne t>&com n 
v - % , r , ■ c J?, r eel n ens 5 t » 
eras subverted rwmai call wpes to senna as 

3" > v ^ t 1 V t I J 

I n I J S I It 

supporting coconspirators wi8 prove ertficsJ 
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In explaining himor ceil >ru ! 't - a as the cancer ceif- 
woi in f ~> i j-- r< t< * e " 

"po e, we suspe i signal dri 

ig the prolifora i of » < i < g ?a a r ' 
the stromal cell components of the tumor mass. While 
difficult to validate at present, -such thirKtng recasts the 
og c si £ ' uccess s 

in t < f ^ ii 

norms! neighbor?, by inducing them to release abundant 
f l ote^ of g o ' t jnt <md Fa- 

SC-mo. "PSSi indeed. In some armors these cooperating 

epari r ' norm cy coevofving 
o r u to sustain the 
1 of 1 lotser iKinjier and Vogelsiem, 1998; OSumi 
etas 1 . • -ted to sites 

>' i i ha' » ^ii?o"f)c" '•f- 

nl kor^VM rV, o h u 

1998; Hudson at al., 1999), another example of normal 
cefis conscripted to enhance turner growth potential, 
another meeds to acquire necessary capabilities. 

A' g ci Ca >as> u n ' si 1 
to Antigrowth Signals 

Within a normal - iple antiprc erabve signals 

ope m to r i l 1 ^ - < t 

meostasis; these signals include both soluble growth 

'II Its 1) 

extracellular matrix and on the surfaces of nearby cells. 
T i ia growth ubitory; ; s ike the pot h vast 
ing counterparts, are received ay transmembrane cell 
so fi ece t signaring ci 

Antsgrowth Signals can block proliferation by two dis- 
tii ecba Cells -s- e fores t 
proliferative cyi k int< the y esc nt (Gp state from 
which they may mnmego or: some future occasion 
when jxt?acei!ut?.f j sis permit Attsmsttveh, cells 
muv be induced to p- meecuPY ' e m' 5 i their pfohfera- 
a c - e c ^-t t 

states, usually associated with acquisition of specific 
differentiation-associated traits. 

s, a tipfoii era 

t k>0 signals it" t af the errctstry 

that snab es norma! cells to respond to amigrot ;th sig- 
nals is associated with toe ceil cycle clock, specifically 



the components governing the transit of the cell through 
the G' p*v-e t 

xterna 1 -can mm, s period ant the ba 
sis of sensed s > >< - < > 

tt\i'sp'to". ^ i o^ tote At the 

molecular level, ateoy and perhaps ail antipros'Sfefative 
sianals are liaaneled ihtoijqh the retmoOlestoroa protein 
{pRbi and its two ret. f es r,t S7 and pi 30. When in a 
- * >■ 1 seat Pd^hi> i^nto 
se \ as. •« g and altering the function of H2F transcrip- 
tion factors that control the isxpression of banks of genes 
essentia! for proqression from 01 into S phase IWein- 
berg, 1995}. 

OisrrsoPon of the pRb pathway liberates £2Fs and 
~ ' ■ u p< o - • - ( • ; -s ■ 

vth tn n a s > . ang ti 

pathway to bfock advance through the G1 phase of the 
cell cycle, the effeon; of the soluble signaling mofecuie 
TGFp are the best documented, hut we envision other 
j v i i i ji tii>s 

pathway en wea. iGl T fl acts in a number of ways, most 
still elusive, te prevent roc phosphorylation thai ioach- 
J i , I j m 1 gh 

G1. In some ceil types. IGFrt suppresses expression 
of the c-tnyn aerv .vh r % ' ih^ . e' 
machinery in sh'i unknown ways i'Moses et al, 1990}. 
More directly, TGFB ceases synthesis of the p15** w and 
p21 proteins, which block the cyclin.-COK complexes 
responsible for pRb phosphorylation {Hannon and 
im: Oat! t al l7 > 

The pRb Signaling circuit, as governed by TGFB and 
other extrinsic factors, can be disrupted in a variety of 
ways in different types of human tumors iFynan and 

ss. r -i 

cfownregtilation of d r TGF ?c< pto s x tile others 
rSeniay met.ant, dysfunctional receprors iFynan and 
- -r >t al -i995i Tot- ( ,\,nasr^ 
nt i, 1 (, h > > - { 5n c.3nd- 

acti TGF cept , doy* saro targets may 
bu aim re" ■ t if its u;odln ^ > 

fSchutte etaf..1 996}. The locus encoding pi S ww may be 
listed (CI et 98), Aiternat (t s 
downstream target of its actions, CDK4, may become 
jnn rstve ! e inhib ' alb be 

cause of mutations hates at< • » - tld substitutions 



in its iNK4A/B-interscting domain; the resulting cycijn 
3 COM < ^ < o ! 

vale pRb b) - ! uo et al, 1936s. 

>- ' v "et of tA' p V„ ^y 
may be tost through mutation of its gene. Alternatively, 
in certain DMA virus-induced tumors, notably cervical 
carcinomas, p^fum^on-^^^Bted^Uwough segues- 
ration by v s " >ncor r ^*c 1 

•> Si i c ,>! i < m o^ 

other cell adhesion molecules that ssn« antlgrwth sig- 
nals, fa 'Oi i " convey progrowth sig- 
nals, these adherence-based ant s/owth signals iiksiy 
impinge on the pRb circuit as well. Th« bottom line is 
that ti k < ">b nn<j She 
cell division cycle is. one way or another, disrupted in 




ef cytostatic a. t >a o s —- •>!■• Our essces also con- 

vsrsibly into postmitotic, differentiated states, using di- 
verse mechanisms thai ate tncompteteiy understood: it 

<ift j I 0 '! i t IK i 

a e ^ ! ' c 'I j i i - , 1 

avoiding diffetemiation directly involves the e-myeon- 

>gem icodss a tr w. Dl 

normal development, the gnrMb -stimulating acSlon of 
Myc, in association with another factor. Max, can be 
supplanted by alternative complexes of Max with a 
group of Mot! v r o " factors; the Mad-Max com- 
plexes ciictt d fu r * ;ti,-t.< n .>v ,< , ' .v. ' 
Bsenmah, 1989). However, overexpressionof thec-Myc 

- i -f - - - - * ' t verso th ■> 

process, shifting the balance sack to favor Myc-fViax 
complexes. thereby impairing differentiation and pro- 
moting growth. Donng human coion carcinogenesis, m- 
a l t i ' a ■■ A r l . - v i 

the egress of enterocytes in the colonic crypts into a 
- Pe-v * v - * ' e, " ar d Vogeisteim 

96). Analogous ur t « lof a r 
rot ist >sis, sh to prevent Irreven 

ifote erythrocyte differentiation (Kahn et si., 1986). 

While the components and interconnections between 
the various amigrmeih and differentiation-inducing sig- 
nal- d-i. " ' i 

oolmt a <i SIk mu\ m > r - u vi t 

1 ! ty t u'>jt 

vsntion by developing cancers. 

Acquired Capa £ npoptosis 

f he ability oft > and t m nt <- r 

;o < o ^ , - i e ' t- ' h v em 

Put also by the rate of ceii attrition. Programmed ceii 
death— apoptosfe— represents a major source of this 
attrition. The evidence is mourning, principally horn 
studies in mouse models end cultured ceils, as well as 
from descriptive analyses of biopsied stages in human 
carcinogenesis, that acquired resistance toward apo- 
stesy is a ha! mark oi and p sps ts.fi types of 

' Observations accumulated over the past decade indi- 
cate Sh. : "I - a nt - - it form 



! ti !, auv Ones trig 

g ed by 3 variety of pnystoiOTi " ! 
unfolds in ; i- .a -n* f'wp 

Ceil ^branes are disrupt -. ' \ , ~ < 

nuclear skeletons are broken down, the eytosol is ex- 

cieus is fragmented, all tn a spar, of n u ihe 

t t 'o -oo, nearb rc 

in a tissue ac i i - y 24nr{Wy!!ie 

et a!.. 1380). 

T - V" " T 'u - f - " 1 x \ v dt 1 i vo 
ssesot — v ,e nt 

sensors are responsible fur monitoring She extracellular 
and ','] , 'i envi: onnient for conditions, of normality 
or abnoi reality that influence whether a ceii should live 
k ,o T es, v. Mo^micW ntv^ii 

paeect;;, which funci;oe as ehectors of apoptofic death 
The sentinels include cell ca.a > rermplors that hind 
survival or cheat!; factors Pxampies of these ligand/ 
receptor pairs include survive: signals conveyed hy ' F 
3 err recepto i i Jan 

its cognate receptor. P.-3R (totem and Sachs, 199$ 

it' e e ^ c a- i , _ ^ s 

■ AS Isgand binding the i ; AS receptor anrj by TWa hind' 
ing TMF-R1 t/a n o -z 1 and Dixit, 1§98). intraceiiuiar 
sensors monitor the cell's weihbeirsg and activate die 
death pathway in response to dv*'\ > , ha-"rv *>e- 
CM ^ r i ufKt' piC-»ok> (. 

r i , o c 

, ) j 1 '1' 'P' Mi 

>art maintained by < 
adherence-based survival signals whose abrogation 
aiici! -. apop; aas (ishi^aki et ah ishs Giancntti sr d Ru- 
^sahh i'-f^ itrnst iheard - .mhiezed apoplohc 

K \ ' I t> f i J s t 

r ; c i i ' a' - i ff i »e<. 

turai configurations. 
Many of f v a ") <> sp u' 5 ron ago 

i (. i ' p"i< ,rymt 

■ by reiea hog cytochrome C. a porecr catalyst of 
i Peed te ftheBcl 

tamliy of pros hose t i ther p o 

apoptotic {Sax. Bak. Bid, Birrs} or anhapoptotic (Bd-2. 
Bcl-XL, Bci-W) ianctioo. act ;o part bv governing mito- 
chondrial death signaling through cytochrome C re- 
( n , ppi-essorc n elicit apo 

vos >y ip ( t J' | I'M jptotn Box 

n es ansesr iamage B,3' itotr si * i 

f r - , o - > si t,a' 

The ottitnate effectors of apoptosis irtciude an array 

and vLet, ^ o 
and -8, are aetivehad by death receptors such as FAS 
or by She cytochrome C released from mitochondria. 
^ orf ti, »-■> 'Jvi' s' ca'-a. toqge the em 

f O ! C « 

thetf * on of si v> 

celjiiiar structt ' ins, ant the genome 

The possibility that apoprosis servos as a barrier to 
Zi~ v was s« i i-i 5 

. ^ - J > r > - n < ^ m i e 

tg an }!y grow g e-da ncienttum lio 

lt;g hormone withdrawal (Kerr et . " discovery 



of the bcl-2 oncogene by its upregulation via chrome- 
oma to i follicular lymphoma >< > i 

5 1 g AT 

apoptotic activity {Vaisx et ah. 1988) opened up the in- 
vestigation of apoptosis i« cancer at the molecular level. 
>A n coexpres alh a /r gens in transgsnk 

nk ' i ' 3 formation of 

8 cess lymphomas by enhancing; lymphocyte survival, not 
by ' ' ^ ii ^ 'heir myconduoed ,v< 

i t ' -5 Ci s , i ( Jt 

5ympfcomas3 ^ transgenic 

t - it somatic translocations- activating i con- 
{ i t ) ( - i > ufing iy 

to upregulate both Bci-2 artd c-Myc -McDonnell and 
Korsmeyer, 1991). 

Of1 ( iolt U S) j ' I (. I U 

iater from studying the effects of a myc oncogene on 
i: ' « m I d apt " t,s s 

was induced in wye -expressing cells Jacking serum: the 
consequent apoptosis could be abrogated by exoge- 
nous survival factors (e.g.. IQf-'t. by forced over-expres- 
sion of iSci-2 or the related 8cS-XL protein, or by dtsrup- 
Ht t j foer et 3i... 
i i ate i iai a cell s apo- 
ptotie program can be triggered by an overexptessed 

Oi> r "> {( ' .Otfl 1 t -> to T 1' * 1 n 

oncogenes by apoptosis may represent the pomary 

« i i?e consensus that apo- 
ptosis is a major barrier to cancer that must be circum- 
vented Thus ■. 1 v ■ ■■ im oRb tumor 
< a i i i ' uvated in the choroid 

i a \ < k - r 

the aponlobe signaling circuitry, "led to rapidly growing 
to n >fs t -> ait r 

moods et at.. 1 994). The rote of extracellular survival 
factors is illustrated by disease p i ;e < 

qnr -> a - k - t * i rror ^ if IGF-3 

gums expression, which is activated in this Imriorigene- 
sls pathway was a! t gg > kout mice 
s >r >.ver» impaired is ovt 

denced by the appearance of comparatively small, toe- 
mg tow-,; - , dy - - t I." 
i ! a 1934} - toe; >n , - - > GP 2 i ( 

it o >(. i p to v - ^ "< ' 

aotiapopiotic survival factor. Collectively, these ohset ■ 

) i *■ „ t ' t ^ 1 < l i 

machine' t < > t i 

mor progression, providing a rationale for the inaottvs- 
tion ^ I this . - c >rnent. 

o a i ed b\ « sr 

ceils, through e variety of strategies. Surely, the most 
commonly occurring loss oi a proapoptotie regulator 

hroug v v v i ves the pS3 tumo suppress ;r 
gens. The resulting functions! fuactivaSori of its product, 
the p r ; greater thar Ky= of hu«R« 

cancers and results to the mmovss of a key component 
i i ' ^\ ' J a e\ ur ' mv\,> 'it 
tf'tctuf h «ktl' ' e - > ^ « o -> ! e 



abriortoatotos, including hypoxia end oncogene hypor- 
^ei j ^u' i'tivt," 10 m^ epo 

if d t t **d at Piic'ing 

apoptot when p53h ■ tion ' Lei ne 1997 , id 
PcoaiSy. tne PI3 kinase-AK"; /PKB pathway, which traes- 
?rj(t - - p v tot e sun ivai s g >afs is -.e-iy m c*v ed n 
mitigating apoptosis in a substantia! fraction of human 

; it , - it \j I'l'H^att »'Ph 1 

by extraceiiuiar factors sijch as !Gf-'-1/2 or ib-3 {Evan 
andl > "i'-^cd " t ' r < i v ^ i < so 
Irorn Rss (Downward, 199B), or by Soss of the pTEM 
temo suppressor a lospttatass that 

normally attenuates the AKT survival signal (Canttey and 

r f chani < i! r i 
FAS death signal has been revealed in a high fraction 
oi -isng a»-„ 

dr coy s ir F ga t r it ting 

cancer ceils harbor akeraiiooa that enable evasion of 
apoptosis. 

it is noa; possible to lay out a provisional apoptooe 
o ' - e r ) , iit te <t s t v 

dent that most regulatory and effector components are 
i ii ml f ' e in; da c toid; 

portant implications for the development of novo; types 
of antitumor therapy, since tumor ceils that have lost 

^ ■> r likely etair >tt« n 

iar ones. We anticipate that new technologies will be 
able to display the apoptotic pathways still operative in 
specific typos of cancer cells and that new drugs will 
enable cross-talk between the still intact components 
of parallel apoptotic. signaling pathways in tumor ceils, 
resulting in restoration of the apoptotic defense mecha- 
nism, with substantial therapeutic benefit. 

Acquired Capability: Limitless Replicafive Potential 
> .i> j v gv . " i tiii'e -tv, 

sen; i }rowth signals, at iissan * 

apoptosis— ail lead to an uncoupling of a coil's growth 
program from repeals in its environment. In princlpte, 
; it - , {w i - 

suffice to enable the gofieuPic;n of the vast ceff poputo- 
t, 1 o " ^ros ' - t< However, re- 
search c ! over the pest 30 years indicates that 
this acquired disruption of ceil-to-ceii signaling, on its 
own, does net ensure expansive tumor growth. Many 
and perhaps ail types of ntaetn-anaa ceils carry an 
IP act >us t am that iimas their i 

rt n > r < 

the ceil- to ' a' 

tor? must ee disrupted in order for a done of ceils to 
expand to a size teat constitutes a macroscopic, life- 
threatening tumor. 

The eariy work of HaySlck demonstrated that cells In 
culture have a finite replicihive potential irrrviewed in 
Hayfltck. 1997}. Once such ceil populations have pro- 
gressed through a certain number of doublings, they 
stop grcovexs-s process terrnod senescence. T he se- 
nescence of cu > an he cm m 

vented by disabling their pRb and p53 tumor suppressor 
r ote s en bli v if* ply tgk 

additional generations until they enter Into a second 



sta a < r i 1 

i m t cell death. kuryotypic disarray a >o * 
t i r f j v ' J m 1 s a s o< 
emergence of a v t 1 } tha a j 

the ability to muitipiy xvstbout n" 1 " the trait termed im- 
mortalization Wright et at, 1989). 
Provocatively, most types of 5 moor cess that are prop- 

!!K it i < t t \ ta m svic^t^c 

i Sin repls poi a p lat 

was .v^,,. tc r v. o ^ v ■ * ^ >' i 
essentia;: for the development of the " n jnen i - 
state (HayfliCk, 1997). This resale -w a s ™ 

point duortq t . course of <\> ( > tumor 1 

t -, tius! t i< 

dowment o 1 can onl> comp ete 

their Eumortot tic e mortality ba 

bar and acquiring unlimited iepsicanvs \ a 

Ql atsom to 5 that f3i ©us 

normal human celt types have the capacity for 60-70 

v ' > v 5 > t " -- 

„, ,> >' * " - 'awty <m 

f SO >< t>"-~U _ > 

should enable clones of tumor ceils to expand to num- 
bers that vastly exceed the nnmfoet of cells in the human 
body if dues from evaluation of proliferation and apo- 
pto teslnce 1 m tame * etal., 138! 
ar«; transgenic mouse models (Symonds et si, 199m 
Sbibataetal.. 1 Be 98 gens 

aide, tlx; paradox car; Pe resolved, evolving premaltg- 
riant and malignant ceff populations evidence chronic, 

v C je -i and con; 

rafofc «'in > » , xor an- 1 ' rat: arc- " Jotton 
Thus, the number of cells in a s umor greatly underrepre- 

eris me , ejj q v n - m , 

the generations -tit of a T:ai omatlc coils 8$ a barrier 
to cancer. 

The count:: g . >v:c •> r s eh ^ ' 
discovered over toe past docsac trie ends of c* ' ^q- 
somes, telomeres, which are composed of several tnou- 
- in 3 .va -of' ( - " ^ lent Repitca- 

!a s. ^m 1 " a ,1 s t 1 On t p loss of 
t > 1 ' v t >r o< n -* J! 

h'Q each e cycle. This progressive shortening has 
been attributed so the inability of DMA polymerases to 
compfeteiy replicate the a' ends of chromosomal DMA 
durmq f a. h h a m > j > two of telo- 
meres through successive cycles of replication eventu- 
ally cease;; them to Sosa their ability to protect She sods 
of chromosomal DMA. The unprotected chromosomal 
ends participate in end-to-end chromosomal fusions, 

ii ot- { t 11 s ->typ 

mid- , i mm; > '" - >atlt of le af- 

fected cell (Counter et at, 19921. 

T -"i f ! " 3! j a - "es i 

n aiign srt ceifs (Shay and Baccha-o '9 1, ? c - -^0 , 
of them succeed in doing so by upregufating expression 
of the tatomorase anxyms. < n> ! adds hexanncleoiide 
repeats onto the ends of seSoroerie DNA (Sfyan .and 
Crsct; 1S:39.l, while it iamainOt"' h^ve inveateo a way 
of activating a mechanism, teamed ALT, which appears 

j e! -, r ^ g0 , ."CP" «I( 

(Bryan et ai. 19S55. 8y one or the other mechanism, 
telomeres are maintained at 3 length above a critical' 



threshold, and this * , em - ~ m " licj 
tior desct unt cells. Both me anisn s m to foe 
strongly suppressed in most norma! human cells In order 
to deny ttsea; mdimhsd sepiicatme potential. 

The role of teioraerase in immortalizing ceils can be 
demonstrated directly by eotcpieally e.<presssoo tae en- 
zyme in ceils, where it can convey unlimited repiicative- 
potential t ito a variety 0 a tassr je "> >s< 
nesrent rests a! 19 

^em iir a 19aSS "rfa 1 m ^ 
entet sis t ; to era 1 . o> 1 ^ v 

evidence ol crisis orhen supplied with this enzyme 
so m i i-K< H< ,ma- ' e' f9 / et ai 
1099). Additional clues into the importance of taiomere 
maintenance for cancer some:, from analysis of mice 

IQ t n 1 < \ : i. n !U 

a bomozygetrs knockout ot the cell cycle inhibitor 
16 K< * are 1 te >att m \ i.'hen expt o to 

ee it" »m 

j 1 - sy II mice the is «k <n ometa? 

tumor inmceace mas teduced. concomitant wets; sub- 
stantia ' >!ot ere short " >ic di> snay in 
those ti.miors that did appear (Greenberg et ai., "995) 
m telomere maintenance is clearly a c, comoo- 
oe ? of the ip ' ' t:on, we remain 
uncertain about another one, the circumvention of , ila 
iar senescence The phenomenoii of senescence vvas 
origlnaiiy observed as s delayed response of primary 
cells to extended propagation in vitro and Iras thus been 
i ociate r 3 < d m 
(Hayflick, 1 997). Store recently, the senescent state has. 
fosien observed to be inducible is certain cultured esiis 
m 1 s /ii" o< : l r> 
the activate. 1 ' ' 

1 . , 1 , , lo , v ' 1 mm c taat senes- 
cence, much like apootosis, r eflects a protective mecha- 
nism that can be activated by shortened telomeres or 
conflicting growth signals that forces aberrant ceils irre- 
versibly into a G ir 1ike state, ther eby rendering them inca- 
pable of! f 1 1 1 ' - jrovention of se 
nescence in vivo may indeed represent an essentia! step 

>pr o a ' i> ' t 

ider ii e sibfe: sens; 

mac; tmid be » irtif t of or < tui that does not 
reflect a phem/y - . c-lls ■■ "-n '" tmsuer. and 
do " j v nt an in diment i rprogre slot 

in vivo, Resoiunorr 0? in qoaadsry v be crlbca! to 
completely understand tfse acquisition of limitless mp!i- 
catlve potenHaL 

Acquired Capaalisty: Sustained Angiogcmesis 
\ e oKy fen ( < rc 

are crucial for cell font man in j car m a obligate 19 virtu- 
aiiy all cells in a tissue to reside within 100 ami of a 
m - < 1 -e 

ness s en" c-- 1 by i s<j!< and 

parr-"-nyma Ok-j trv 1 > % : 'he - am ;f 
WtDWjit-V- 5 - o" "^ t 

transitory and carefu iy regulated Because of this de- 
pendence O! I ""C e'i"e 
that prciiferatinQ ceils within a tissue would neve an 
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• I ly > a ' <V t< Ou- » ,ltr ( {«V(ii But 

i f > < >t • ' ,•> \ * - > r 

ii 1 ! i ty, curt? 

- i j f jgre 

to a Sa-ger size, iee;p':ent neoplasias most f»,f :c angsw 
q< i ability (Souck at al., 13SS: f m and Folfcman, 
1996: Folkman, 1897). 

Counter balancing positive and negative •signals en- 
conusor-; or brock angioqenesls One class of these Big- 
•mis Is conveyed by soluble factors arm their receptors, 
i e I ' e J NsJov on the surface of endothelial >' s 

(f k « s, 3" K , f? v ' l , S 

and ce|l~ce8 association afso play critical roles. The 
aegiogenesiserstnating signals are exemplified by vas- 
cular emtothefiai growth factor (VEGF) and addic and 

t I J! < f (' ' Ll s 

transmembrane tyrosine kinase receptors displayed by 
CSOthf turd- et i id \ tai J 

IS 19) n t c i • < •< mi ib *. -o n 

hosponrfin-l. which binds to CD36, a transmembrane 
receptor en endothefiafceiis coupled to intracellular Src- 
sc e ate cur- 
rently more than two dozen angiogenic Inducer factors 
known and 5 ■ - ■ • 
proteins. 

Integrin signaling also contributes to this regulatory 
balance. Quiescent vessels express ceo class of into- 
grims, whereas sprouting capillaries rogsuw.s another 

grins cars int-bit arkyae iu • ■ - : and Cderesh, 
199<> G>anr jft < v \ "oring the 

import ant contr ibution of ceil adhesion to the angiogenic 
«og iitit.Hynt andW t 1 IS6 Ext c fluia pue 
aces are physically ana functionary connected witfi pro- 
angiocenf trite ' its ret nv swa 

1 \ >e It >' e ,e 1 t N o JC 

andsust? tl extensive 

sod i or v , r 3l - a ,<n and Folk- 

T}»n, 19? i i 31 

years ago w h 

vivo bioassays to demonstrate the necessity of sngfo- 
genesis for explosive growth of tumor explains {re- 
viewed in Foikman, i§97). WbieeuSsr proof of principle 
came, l^t. vd.in i iv s > (> - > a 

able *o ■ no 3 r ■• a ■> * ■< "is -,ub 1 

jneo s nors'mmicE el.. 193 jsd 

naot-int it 1 £< e - I * 

(SVhliauer el ah, W$4); both results have motivated the 
development of specific VEGF/VEGf -R inhibitors new 
in late stage clinical tnais, 

Tfu. ^ - • ^ ^ , ' - o ( ,j. ! 

by I e 1 1 ty - 5, < x ^ , 1 "cm 

substances to impair the^growth of junior celhynoco- 

arising " cancer-prone transgenic nsce are similarly 
s iscof t bitom (Sergors et 3 

1939). 

st 3 snglot :nesis seems 
toboacqt red in a discrete step or steps) during tumor 
development, vis an "angiogenic switch" from vascular 
quiescence When three trsm.gc -■!■:. mouse models vet 
analyzed throughout muftistop tumoncanasls, In each 



1 i ?es *■ 0 ;t vated sr micl- 

m t. vi ^ >of tm t t v 

mors. Simiisrly. angiogenesis ca:^ be 1 s- f- d in pre- 
ervix % ist and skin 
1 i- nan * W w xpec f 
test induction of angiogenesis wlii prove to be ao early 
to mldstage event in many human cancers. These obser- 
vations, taken together with the effects of angiogenasls 

' • ec . 3sc . f;on > 
site to the rapid clonal expansion associated with the 
ftirmatioft 0; macroscopic tumors. 

e the n m 

r balance ngsoc s indiicers m 

m ■> i Ofoik'm *9 

Otte corernnrt strategy for shifting the baiance tnvrtives 
i j f > s ^ a^'jeone in- 

creased expression of VEGF and/or FGFs compared to 
their ncrc e conm rts !n otb ex rsicn 

- 1 v v .ah 1 - t 1 ^ oem-lm 1 ' 

i intt ~*> r 1 s 1 > oth hat si 

some tumors 

{Singh et a! , 1935, volpert a- a!.. 1937). 

c t It m on 1 1-0 > r 

tvreeo angiogenic regulators remse; Inccrmpieteiy un- 

s - e > •< r >\ - h 

tor throntsxsspondin-'l has been found to positiveiy 
regulated by the phs frsaior suppressor prmeics in some 
cell .types. Consequently, iocs of p53 function, which 
occurs in nos* c f ' 1 b x 

din-1 loveis -o " >' - * - w-r 

inhibitory effects (Dameron et ah. 1994). Ttte VEGFqem 
is also undec complex transcriptional control. For exam- 
ple, activation of the res oncogene or toss of the VHl. 
tumor suppressor gene In certain cell types causes 
upr emulation ofVcGF expression |Rai. et at. 1985; Max- 
weii et a!., 1999). 

ftnott i f regulation 1 merging in ie 

form ai proteases, w.sich can cossosl the bioavailability 
of angiogenic atsivatofs and inhibitors. Thus, a variety 
of proteases can release beGF stored in too ECM 
(Whitoiock et ah, loggy wheteas ptasmtn. a proang?o- 

J< ' \ • ^ ' si" U'iv 1' 

lot;; an angiogenesis inhibitor term called angmstatm 
- 7 0,1a > 0 no! c 

artd anhsngiogeoic sagiaiiiig moiecuies. and their rttod- 
ulation by proteolysis, appear to reflect the complex 
fiomeostatic regrilatlssn of not. ma: tissue atigiogonesis 
and of vascular integrity. 

As is already apparent, tumor angiogenesis offers a 
. iioeew i l ' , if- < .. - 3 " t it 

.s shared it; 1 typos of 

human tumors The next decade will produce a catalog 
r es expressed by 

/ es by their 

progenitor stages Use of Increastiugiy sophisticated 
rooose niodeis will make It possible tr? assign specific 
totes to each 0: these regulators and to discern the 
oil mechanisms that govern their production arte 
activity Aireaciy available evidence indicates that differ- 
ent types of tumor cc t 
' c j s - h re set the ques- 

; .on cf wnstm t empentic vrf 

- t « tc "at < ■ r ^n'-ej p c 

,i- ■> rs a be deveiop 
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respoodit g to a < 

has been developed by a specific, ctess of human 
tumors. 

Acquired Capability. Tissue invasion and rvi'etastasis 
Sooner or laser during She development of most types 

cells that move out, invade adjacent tissues, and thence 
travel to distant sites, where they may succeed in found- 
ing new colonies. These distant settlements of tumor 

C. !- t>*t< d t ^- '•£{•■>£-££-.- ' 

cer deaths i'Spom. T336j. The capacity for invasion and 

it i t iOCi > P e ( E f 

tumor mass and commse nee, 1 te-rr a;o in the body where, 

at S ; '!< ' ll - i I 

newly formed metastases arise as amalgams of cancer 
res- and iv „ ■> ' iu ceils . - ' "ted from the 
host tissue. Like the formation of the primary tumor 
i opend upon 

i ot > c ' i t < ' - 

•a -.at , tid i local ce si the acqulsltio 

l i - lOSiS? 

invasion and metastasis are exceedingly complex 
processes, and their genetic and m -mica! determi- 
nants remain < i - - V \ understood. At trie meoha- 
_ , • - s v?,c t i>t 
ftes their association with one another as one general 
apat ty< v << Bo« ;e r operattona 
att s the phys.c< ! r oupliog 

! ( ) > i u i - f ctfvatlon of ex 

oaceiiular proteases. 

Severs; classes of proteins involved in the tethering 
of celts to their surroundings in a tissue ate altered in 
ceiis i capabiii i 

affected proteins include cell- cell adhesion molecules 
globulin and 

k iom-dopon (es.t rfwhk h me- 

diate ceSS-to-cei! interactions—and integnns, which Sink 
. ' > > . ~ ts' j N 

these "adherence" interactions convey regulatory sig- 
tah 1 it (ApSfr 998). The 

' . ,e, ve J i, v j t ' 

in cancer involves t v ' * a homotypio -elf 'o u ! 
interactto! ecuie ubsqt edone the 

rial cells. Coupling between adjacent cells by E-cadhenrs 
bridges results in the transmission of antigrowih and 
iet gnats to tact eatenin 

its intracellular signaling tut that include o t 

t i v i Sem 

E-cadhedn fonction is epeerantty lost in a majority of 
epithelial cancers, by mechanisms that include muta- 
tional inactivatioo of the E-cadherin or -veatenin genes, 
transcriptional repression, or proteolysis of the extracel- 
lular cadhenn dorian (Chrsstofori and Semb, 19S9;. 
Forcer; expression ot P-eadhc; in in cohered cancer ceiis 
and ot a transgenic mouse model of carcinogenesis im- 
pairs invasive and metastatic phanotypes, wihefaas in- 
terference with E-csdherin function enhances doth 
> ^399} Titos, E tad 
hem; serves as a * 1 g sup cs-^o o invasion 
i »ti* ^ ' ' v < ec r< ir i ^ f n^t t a! 

3 e ri 1 -i usition t 

this capability. 



t xpresslon SAf s in ins 5 1 

o > ' v " m 1 ft P ay v. 1 < i ■* it ft 
> o v i it ■> a ^ r 91} 

the clearest a r r voives t\5 t\ vi ch i x rgot < 
dn r -> if t i > h " \ 

poorly adhesive (or evei-; repulsive) forms in Wilms' tu- 
-nr ^ c * ^ i it i unt, vif v.e 

sen, ^ ! lo u s i >^ t 1 >n irs over; 

expression level in :rivssive pancreatic aoo colorectal 
cancers (foe i 97 v [ ^ ■" - insgetitc 
mice > n ' ooa for the norr iiiestve 
form or N-CAM in suoptessinq metestasis fPed et ah, 
•5399). 

Changes in integdn expression are also evident in 
i ^ - ^ t i - - a d ie L > si 

imp cancer coils experience changing tissue nscroenve 
ronr -cents ^ ^ their iorsreeys, which can pressmi novei 
. - J " j ^ i. ( oi Li-ifc rs 

t ^ > f h< o > t ■ , , ci *cm v jemands 

adaptation, which is achieved through shifts :r, em spec 
v - > \ v --pfrv ibvltn ttwjf.it 

ing cells "t;ese eotoi pormtttauons sesou in iitffe r cnt 
5 ' i"- < t tet than 22) 

V p ,c >' ' rhus. cardnom 

i \^ -> - 

iotegrln:, r tiiose that ravor the LCfvl pi-ssent in ) 

tithe > (e.g 5S1 and «V83) 

i • 1 ' : n ded stroma! compo- 

ii( D'0< i. - s (Varner and 

Choresh, 1996; Lukashev and Werb, 1398). Forced eJe- 
pte< > >■ ) net « »ut - 

, n; ™.'tl . i 

with a role of these receptors sn acting as centra; deter- 
r ■'ants it 1 sepr » f 
Attempts at expiaa 

1 s -> i ntohlt h, 
have been confounded by the large number of distinct 
jene /the iber of he orodi- 

made rscoptors resulting ftom combinatortaJ expression 
of various « and h receptor sobunits,. and by the increas- 
ing evidence of complex signals emitted by the eyto- 
rnce^nr^ Ap 1 ot 1 ft 

Gtancott ar 

sat r!o se <e i 1 >c sbii.it y 

for t ^n>' r >j ,. m n m • 'a • » 
The second genera! paratneter of the invasive and 

it ^ ,\ III' <SI 

(Coussens end Werb, 1998; Chambers and Matrisittn, 
or- : t e pro e is-iohb 

tor genes are downreguiated, and inactive zymogen 
fornts of proteases ate converted into active enzymes. 
/' 1 s 1 > at " t ^ 1-1 ' "6 i , i,,e 

a < " ' O i < j 

membrane domain, binding to specific protease re- 
ceptors., or association with integrins {Werb, 19S7; 
Stetier Stevenson, 1999). One imagines that, docking of 
active proteases or' the cell surface can facilitate inva- 
sion by cancer cells into neat by stroma, across blood 
vessel waih si ceil layer 

'-a o " c jm 

sly as >< t funcf p<- < p ? 
to this capability, given their evident roles in other 
la! i ark r-^- 1 ? it > test; Si d 

Stevenson, 1989} and growth signaling {Werb, 1987: 
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ns 2000} which in turn cc tribute 
directly or indirectly to the invasivWmetastalic capa- 
bility. 

A further dimension of complexity derives fiom the 
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it i o f i 

V a r * on e o if 5 he >< t j\ be 

wielded by the carcinoma cells. For example, certain 
cancer cells induce urok ■ - r ;slort irtcocui- 
ts.ired stromal coifs, which then binds to the urokinase 
r eceotof iuPAR} expresses on tne cancer cells (Johnson 

The activation of extreceiiuiar proteases and the al- 
tered binding specificities ofcadhenns, CAMs. and inte- 
5 S(f lea ,1 i 

j and r< : ■ ' . ' 1' < ^ > S ' 

1 id ioe ) ic r ! ' iC - > 

mam efustve and. at present seem to differ from one 
tissue environment to another The acquired capability 
for fovasiori and metastasis represents the last greet 
frontier for exploratory c sneer research. We envision 



re t evolving analytic technique's. wi8 s; 



e if posse 



is of the g 
if s - oi otesses ite -< 



sights about tissue Invasiveness and metastases to me 
development of effective therapeutic strategies. 

An Enabling Characteristic: Geeocs instabiiky 

The acquisition of the eh' iterated sot capao: ! t e„ during 

the course of tumor progression creates 3 dilemma. 



1. Thus, tit" t-iqet Slip pett 
.sionSiwis^Sif:!;; anS insists 
ss are each ;scq«sr.'sd in two 



The a' a'V - <- , v t ct . eos, r»d 

directly or indirsctiy, through changes in the genomes 
of cancer cells. Bet mutation of specific genes is an 
11 f , e C e 1 te. en <■ i jst 0 O e. 

- a ' j 1 , <- 1 « rfrr , 

of DMA monitoring and repair enzymes, These genome 
maims n jo. t > ^ s 

information remains pristine Karyctypie order is guaran- 
teed by yet other watchm^f T^n-ngst ; 
points, thai operate at critical times in the cell's life, 
notabiy eiitosrs Together, these systems ensure teat 
1 r *'-,>><>'- 1 ,3 ihe - eits- 

>5e mutatsom v ; reser umof call ge 
semes are nieniy eeliseiy to sc. .• <f " s h ~ .it 
spaa 

Vet cancers do appear at substantial frequency in 
the human population, causing some to argue that the 
genomes of tumor cells must acquire increased mutabil- 
ity in order for the process of tower progression to reach 
completion - 1991) fvtei- 

5pt c c n x ? f oi vMsc b ennm,t 
etak r" system tts h<--o invoked t explain this 
t*r e S3 v ' 

s a 1 p T ' no o53 !umof 

< r j (f 5 o DM test 

elicits o-t l "0' ' pa.: iomk-' 

place or sf opt - c< ; 1 

is n;)w fSitar that the tomcosninq of t pf>:i DNA danstge 

eers 1997}. Moreover, a fjroeenq riumbsr of 

to -e es c SOrtS-rg rm " f fNAiipm 
age, or In assuring correct chromosomal segregation 
during mitosis, is found io bs tost in different cancers, 
i is is c h e ca a- is i ioi sup res ors ^ 
gayer ?t <s! ' 9 i is is ii fed 



lo alt genome t j u o a v. m and the qener- 
ask oicr^ij.t r> - - 1 ^ t «j3fv 

tac.es. tmemsdogiy. recera evidence suggests the; apo- 

t my ais ? a vol jf pe - i n 
that ONA within apoptolic cell bodies can be inearpo- 

\smrt tio 

{Ho in - ^ ties a! 1993 u - sp» • t i'v 

ing any of the constituent ceii typos of a tumor. We place 
t quired e je i'- ,,\' 

from the sec. t v. > i » < 

1 k l t. (3 ^ iO 

mean; m-> e> >< > / premaiig 
nam cMls to reach these six bioiogicai endpoints. 

A U n v " - - v So C rt< 

The paths that r ; aks do their way , h - n no 
naot are highly variable. Wishin s given cancer type, 
mutation of particular target genes such as ras or p5j 

i , 0 ! 1 t > 

identical tumors. Further, mutations in certain onco- 
genes arid terror suppressor genes can occur early in 
some turn • [ '-,"<"» oth« s As 

ii 1 eaua nicies 

su as resistance to apoptosis, stsstained armiogen-- 
esis, and i tlis ntla >n apt et r jt 

different times during these various progressions. Ac- 
c> ft) { t, "u pa ui< ' < mm e > 

i , rsors nf !ne 

same type a,m < of different 

types (Figure A). Furthermore, so certain tumors, a spe- 
cific genetic event may. on its own, contribute only par- 
tially to the acquisition of a single capacity, while in 

iers h t ntuitaneot 

iion of several distinct capabilities. Nonetheless, we be- 
lieve that irscieper ni fit; the steps in these gensttc 
ue nwav, <-te <- '3ng> " 1 

Jwin' lr tt 1< % m liii S o 

cer—wii! pr ove to be shared in common oy all types of 



Synthesis 

cv n e e - it r 1 , 1 i r < n t 

their motet Jl f t ntpo of ^ 

wealth of information that we currently possess about 
the molecular processes underlying cancer develop- 
ment Yet by simplifying the nature of cancer --por- 
traying it as a cell-autonomous process intrinsic to the 

a or ( 1 >a " - m.>K have turned 

^"De-dso-- - - , liityo 

tton in vivo cancer development depones upon cnaepoo 
it) the heterotyp - nt - -■ :os between incipient tumor 
ceils and the; norma.! neighbors Moreover once formod 
virtually ail typos of human tumors, including iheimneta- 
itieouig.ro ntinu tor coalpit i es 

of sevens ct *, i eaierna gn nt 

' ' I c as " u > ^t ~ -,n of cancer 

m to or e c ofoonti cr<< ;es In 

1 1 l , 1 , j r J 

elucidation i cancer ^e v cvtit depend eicreos- 
ingiy upon heterotypic organ culture systems to vs&o 
and C" erm»r« octets :r wvo 5 ooSfing 

= v vd < \ ir< f ! j'.s hi 5 is la t 

comprehends srap 4 - Ot . ^ • • 
cancer art ends r . leper ; on dm- 3 ail » 



the signals exchaogeci between the various cell types 
existing syrnbtottosSy within a .tusnortnass and knowing 
tlmir effects on the integrated circuits of each of those 
cell types 

Our ability to analyze individual human cancers at 
the genetic am; bmeheoiieat ieveis - also undergo a 

- -na ic el r< X - 1 ct «. we ?tiy 

disguosec; tumor in terers of its underlying genetic le- 
sions remains a rilstam prospect. IX >r v s era lor k 
a «-> , m 5 ' ^ ' 1 ' t 1 v - m 

1 ~m s 1 oss m«' tn < turn r 

eel! genome wilt become a rontine procedure. By then, 
getio no de ^ j ro exprs 1 of tumor cells 

wit; also bo routine. With all this Information in band, it 
i f - > >'Ci position 

i ' ry m . of human tumor 1 e!>s 
5 govi~ x * r ■> s > 

irnpiicd by the 00: acquired capabilities enumerated 

We anticipate fa . - jr " girt in the roles piayeti 
1 i ^ n h j r j P , h 

genesis At "s« 1, our unds ttanding of the interplay 
at -be ceiiotar ievt-i itettveon Intretltec; cancer modifier 
cenes wire oncogenes ana tumor suppressor genes that 
jre alter eo v» \; > ( 

principle act in anp of the constituent ceii types of a 
t s ci b< dj < sas the classical 

r .0 -rqu » ■> m ^ -or m - ' v 
These gaps will be hridgad in part by new informatics 
- t 1 mg ua to process and interpret the 

inondat O' of g 1 1 nt will soon f ow f w 1 

automated sequencing instruments. Mew technologies 
ems also a;d us lo rationalizing me complex constella- 
tions of interacting aiieios in terms of a systematic* of 
cancer foirosiiun of the : yoe that we propose here. 

The metaphors usee- to conceptualize cancer ceil 
ii ■■ 1 - 1 ' ii or decad 

we have been aide- to predict with precision the behavior 
of an e 1 1 ^' ii- e t ti 

neat ' re- 

h k a tg f s gov - 

f 15 i eg fin 

> v ' r ^ -> < > ^ 1 

sible to lay out the complete "integrated circuit of the 
ceii" upon its current outline (figure 2). We w(!f then be 
e t t itica < i < 

explain how specific genetic lesions serve to seprogrsm 

1 . ai " t e L t >t t At v >>!, 

types so as to manifest cancer. 

, ( " hi 1 ■ , ot . el " - ^ -i < v- s 

a rt . lionaisciem vecoc 

nizabfe by current practitioners, it will be possible to 
uoderstao-a with precision iiow and why treatment rege 
oroos and speeioc antitumor crags succeed or fait. We 
mm vtD Kh ol the hai ! - 

mark capabilities of cancer, some, used In appropriate 
( - - : ot - t" ' ' v' 

- , ->s c c - <■ 1 r d 1 sf dise; 

gression, will be sbie to prevtsnt incipient cancers from 
developing, white others will cure preexisting cancers, 
elusive goals at present. One day. we imagine that can- 
cer bioiopy and treatment— at present, a patchwork oust 
Of Cell biology, genetics, hsstdpatHology, biochemistry, 



■nmwRoSogj 0 become a sci- 

ence wth concsfptttss structure acci i'tcnf.,}! <.-.:haref3ce 
itiat rivals that of chemistry or physics. 

"n !<<->.< l 
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ABSTRACT: Ceils possess within their epigenetic repertoire the ability to undergo an 
t> iv ^ t 1 ■■ 1 r ' (<r anopi tc c«! ieaih 11ns pro 

grammed cell death process involves an epigenetic ^programming of the cell that results in 
an energy-dependent cascade of biochemical and morphologic changes {also termed apop- 

n the i i f th " a <? v >s (i f 

UNA and c programmed cell dea 

the activation of this c usy to the ceS educed 

by various exogenous damaging agents (e.g., radiation, chemical, viruses) or by changes in 
the levels of a series of endogenous signals {e.g., hormones and growth/survival factors}. 
Within the prostate, androgens are capable o f both sthm la! Son as well as 

inhibiting the rate of the glandoiar epithelial cell death. Androgen withdrawal triggers the 
programmed cell death pathway in both normal prostate glan. 

des>endent prostate cancer ceils. Androgea-independent prostate cancer ceils do not initiate 

ed e*lh p*'h\ *v u^on and; sg 
cellular machinery ne^. - - - - waen sufit- 

dently damaged by exoge - s -e r- cell proliferation 

is balanced by an equal rate of progr n volution nor 

overgrow*! . h » e-s er, this ^a isnce is lost, such that there 

is greater proliferation than death produdng * - ? *• ! mbaiancein 

programmed cell death iw oo ^ 

therapy for prostatic cancer, therefore, is to correct this imbalance. Unfortunately, this has 
re l>ee^ achieved anc a prosteti sneer is stii a lethal disease for which no 

carative ther py is currer i - veiop sa set v spy, an un- 

derstanding of the programmed death pathway, and what controls it, is critical. Thus, a 
review of the presen* s a 1 I " dng programmed cell death of normal and 

BwMgrsanJ pr s fet c cells will be presented. © 19% Wiley-Liss, inc. 

KEY WORDS: apaptosis, programmed ceil death, prostatic cancer 



INTROtXJCTiON 

The stud) of programmed ceil death/apopicsis in 
th tm on 1 1 ii z is r \ z $ t 1 t - < 

>sta*e research The 
prostate gland afford s jeopporru it)' to study 
>rogrammed . £ 5 process of 

glandular self-renewal. At the same time, the pros- 
tate represents an unparalleled system for studying 
• v • • of progmtnm 



sia, both in terms of response to an initially effective 
therapy, androgen ablation, and in subsequent resis- 
tan« to programmed ceil deal vit regression to 
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„ < i ate. < : ! * - v 
men wh - sneer treated wit! 

gkaf >r e ial beneficial 

response to androgen withdrawal While this initial 
response sas subs ' e value, < mos < 

treated pails is s tt m androgendnsensitive 
state. Unforrnnstely, once prostate cancer progresses 
to become androgen independent it S nife ;'\ 
tal because no effet e s 1 1 ^ herapy currently 
exists Annual!} an es ma tec ) nerican men 
will die rompi • ancer [lj fhis number repre- 
sents 15% of all cancer deaths for men, making pros- 
tate cancer the second leading cause of cancer deaths 
in males f!J. Even more startling is the fact that ap- 
proximately one out of every three newly diagnosed 
cancers in men will be due to prostate cancer [I], 
Therefore., understanding the mechanisms of pro- 
grammed t e c wove critical to developing 
new, efre tiv < - prostate cancer, 

Unlike the detailed framework that is rapidly be- 
coming defined in both molecular and cell biological 
terms for eel! proliferation, an understanding of what 
initiates cell death and what the cellular mechanics 
are for this process is just beginning. Cell death can 
involve processes thai are equal in complexity and 
^ \ - \> o j. ^ , p v c jo "us 

knowledge has been appreciated for a number of 
- x Ids group of sci- 
entists coined the term programmed cell death to dis- 
tinguish the active, orderly, and ceO-type-spetific 
death observed in developing organisms from ne- 
crotic cell death. Necrotic death is a response to 
pathologic changes initiated outside of the cell and 
can be elicited by any of a large series of factors that 
result in a change in the plasma membrane perme- 
ability This increased plasma membrane permeabil- 
ity results in cellular edema and in the eventual os- 
mose lysis of the cell. In necrotic cell death, the cell 
.has a, passive role in initiating the process of death. 
On the contrary, in programmed ceil death, a cell 
undergoes an energy -dependent process of cellular 
suicide iriti ed by s| dhc signal in an otherwise 
normal mien* > f ox grammedce deati 

e cell is 'parti ar \ demise [2,2. 

ell death s despr phenot 
enon occaring normally n c - ges of mor- 
phogenesis, gi svth an e jpraent of metazoans 
and in normal turnover in adult tissue [4], Under 
s a eel death 

is initiated in specific cell types by both endogenous 

sue-spe agents ig * sesian 
enous cell-damaging treatments (e.g., radiation., 
ehes 1 > L s v of 

programmed < ccur -Sue to either the 

positive presence of a tissue-specific inducer such as 



irt c v!c or > , 

glucocorticoids [5] or to the negative lack of a tissue- 
specii c repressot such ss induction of death of pros- 
tatic gland t. blation Onc« 
initiated, programmed ceil death leads to a cascade of 
biocheir^ci 

irreversible degradation of tl 5 gen n e DMA Into 
discontinuous nucteosomal repeat ladders with sub- 
sequent fragmentation of the ceil. The morphologic 
pathway for programmed cell death is rather stereo- 
typical and has been given the name apoptosls to 
distinguish this preoe rm necrot 
DMA is also degraded during necrotic eel! death; 
however, this is a late event in necrotic cells whose 
plasma and internal membranes have already lysed. 
In necrotic death, DMA is degraded into a continuous 
spectrum oi sizes as ous i 

don of lysosomal proteases and nucleases released in 
dead cells [5], 

Apoptosiswas > <erre.t a! 12] 

as the orderly and characteristic sequence of struc- 
tural changes resulting in the programmed death of 
the cell. Morphologically, apophysis is" characterized 
by a temporal Sequence of events consisting of chro- 
matin aggregation, nuclear and cytoplasmic conden- 
satio and e\vnn a ce 

\zo a cluster of membrane-b \ i gi is (apop- 
tohc bodies) that often contain morphologically intact 
organelles. These apoptotic bodies are rapidly recog- 
nized, phagocytized, and digested by either macro- 
phages or adjacent epithelial coils, in progr; 
cell death, the ceil also prog t ban orderly 

series of biochemical and molecular changes, similar 
to the sequential changes involved in prog 

\ >hg 1) The hall- 
mark of the programmed ceil death process is the 
fragmers. - s - .. <-ruc 1 - e^rsible event 

that commits the cell to die and occurs before changes 
in plasma and internal membrane permeability 14-71- 
Xhis period of DMA fragmentation (th pha 1 • v 
1} can be used to divide the temporal series of events 
involved in programmed cell death, much as the pe- 
riod oi ON i e S pivse; is used to divide 
the v 1 ' v he all < 
trolling cell number is thus composed of a muMcom- 
partme it - has le3S three 
possible options (Fig. 1). The eels can be (I) metabol- 

call acth t z,oing mteration or 

Je ith G c»3 s 2i 1 nde gomg t t- 1 

ratio is); or (3) id . ieath by either thf 

progra d } i (G Q F-D2 >tohc ceiluia 
fragmentation) or the nonprogrammed (necrotic) 
way 18]. 1 > nous sys local 
growth factor signals that regulate the progression 
within this eel! cycle are celt type specific and are 
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Ceil Cycle 
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Fig, L Revised edi cfds denoting the Options of a. Go prostatic giandsster ceii. Df detsotss the 
period during which ?»w |e?se anst protein express required for indtiction of the Dh»'A fragree^ 
tation period {denoted F phase) occurs as part of the programmed ceii death pathway. DJ. denotes 
the period during whsctt the cei§ its«Ss fragments inscs apeptotic hodm as pen of its prograsiroed 



uniquely determined as part of the differentiated 
phenotype of the particular ceil. Thus the same 
growth factor (e.g., TGFft) can have either agonistic 
or antagonistic effects within the ceil cycle for differ- 
ent cell types Ther fas he spc ic details of the 
regulatory pathway for the cell cyde vary between 
different cell types, 

PROGRAMMED CELL DEATH OF MOKMAI. 
PKOSTATie SsLAMDULiM CELLS FOLLOWING 
AN'DROGE&i ABLATION 

In the normal adult prostate, the epithelial cells 
are confer? j over wth time {9,10}. In 

this sell - »n - n, the rate of prostatic cell 

death is balanced by an equal rate of prostatic cell 
proliferation such that neither involution or over- 
growth of the gland normally occurs [9,10). If an 
£ do.lt male rum testosterone k 

rapidly decreases to below 3 critical value [6,11], As & 
result, the prostate rapidly involutes due to a major 
andu ntheliai 

i e [12] Only 

the glandular epithelial ceils are androgen dependent 
and undergo programmed cell death fs 1 

t u orients for andro- 
gen by the glandular epithelia is due to the feet that 
androgens can act a ts and a agonists by 

inecsusly s - t " 

don while inhibiting rise rate of ceil death [a,9]. 
In the ventrs prostate of an intact adult rat. 



glandular cells contain androgen receptor [13] and 
constitute approximately 80% of the total cells 112]. 
Approximately 70% of these glandular cells die by 7 
< ays 305 castration [1 

of the rat as a mod 1 m snporal sequence 

of events involved in the programmed cell death 
pathway induced by androgen ablation has begun to 
he defined. In the androgen*mai»tamed ventral 
prostate of an intact adult male rat, the rate of cell 
death is very low, appro\ir" ■ - per day: this 
low rate is balanced by an equally low rate of ceil 
proliferation, also 1-2% per day 0 "! " If animals are 
castrated, the serum testosterone level drops to less 
than 10% of the intact control value within 2 hr 161, 
By6hr posteastra - erone level is 

only 1.2% of intact control £6). By 12-24 hi fc i % 
, nation She >ros ?st j ?rone (OHT) 

levels (i.e., she active intracellular androgen in 
prosiati cells'* are orth 5% o! tact ct col values. 
This lower llhydrotestosterone (DHT) 

leads to changes in nuclear androgen receptor 
function (i.e., by 12 m after castration, androgen 
re ^~ :> s are r> r -ges 5 I 0 n cfc 
isolated ventral prostatic nuclei) [6], While the 
lowering of prostatic DHT and resultant androgen 
receptor changes are maximal by 24 hr postcastra- 
tien, the programmed death of the prostatic glandu- 
lar cells occurs continuously during the first 2 weeks 
strati©®. 

These observations demonstrate that the reduction 
of occupancy of the androgen receptor by Of IT is not 



sufficient alone to activate programmed cell death of 
the glandular cells. likewise, the temporally asyn- 
chronous nature onstrates acts 
v&Ha-n of programmed death of glandular cells is ini- 
tiated when some other cellular survival factor 

sides Dri » 1 ^ s - gi ' 1 t 1 Ml 
ceases < critical el An ex £ didaie or 

such a DHT-depen - s androm- 

i> - , . > - ' 11 , ; ? 
. - b im&tio&d and secreted by prostatic stromal 
cells under the stimulation of androgen [14]. Once 
the level of such peptide survival factors decreases to 
below a critical level within a particular glandular ceil 
a major epigenetk reprogramming of this cell occurs, 
t 1 * h< pro- 
grammed death pathway {Fig.. 1). 

During 1 - >< {Dla phase) (Fig. 

2), the earliest events that can be seen upon androgen 
withdrawal are inhibition of glandular cell prolifera- 
tion [15] coupled with a generalized atrophy of these 
secretory < « i\ acsni 11647] {Fig. 2). Uni- 

versally, tail columnar secretory cells rapidly shrink 
and become cuboidal in shape within 24 hr of andro- 
gen deprivation. Concurrent with these global mor- 
1 > al downregi lation of a 

series of pr< - sd later) At this stage the 

. ersiblt j! n t 

this point, 
nter the D!b p s s 
(Fig 2) i ! activated cells morphologi- 

jdear chro- 
matin structure. During this phase, a series of pro- 
teins become upreguiated and polyamine levels 
decrease 120], An increase in intracellular calcium lev- 
els also occurs that appears to be derived from extra- 
cellular pools [21,22]. The mechanism for the k\d-ua>& 
change in intracellular caldum is not fully known; 
however, there are indications that enhanced expres- 
sion of TGF-j3j kiRNA and protein [23] as well as the 
receptor for TGF-& [231 following castration are 
somehow involved. 

With continued androgen deprivation, prostatic 
land elsai cell . * r series of 

changes that result in an irreversible progression 
hrougl pr »mme ieath ' ay. I ;rin 
b phase (1 2 Z x \ ~ >ende end< 
ideas ^ ent with \e si >f tf >rost3ti 
g md ... 5 r t ctivj - <■ 

els of both hlstone H. and polyamines are decreased 
luring il > ~ s ' 

3 dors [26 27], a decrease m 
their n c is a ■< : < ' ? o f the ge- 

> c DMA 1 mti particu 

i ce this oc- 
curs, DN.A fragmentation begins at sites located 



between nudeo&omsl units (i.e., V phase of Fig. 2) 

11 dea < -! »rsibie. Rece 

li shed studies osing inverted pulse-gel ekctrophore- 
si e fed th " x " tatu 

produces 300- to 5* 

these 3t30~ to 30-kb size pieces are further degraded 
irito nucleosomal size pieces (i.e., >! kb). During P 
phase the p a^ma and h sos en nes an still 
intact and mltochond ■ • s sti mal [12] 

Subsequent to F phase., proteases are activated 
during the D2a phase, including the ICE-Mke pro- 
teases th drolyzes t DP--rihos< rnerass 
(PARP) [28,29]. in* addition, other ICE-kke proteases 
degrade the kminins in the nuclear membrane and 
the nucleus itself undergoes fragmentation [28,29]. 
Subsequent to the nucleas rag :o on plasma 
membrane blebbing and ceil itien ink 

clusters of membrane-bound apoptotic bodies occur. 
This D2b phase invs >ives an ati< in the Ca 2 * - 

dependent tissue transglutaminase activity which 
crosslinks various membrane proteins [30]. Once 
formed, these apoptotic bodies are rapidly phagocy- 
dzed, during the D2c phase, by macrophages and/or 
neighboring epithelial cells [12,16]. This phagocytosis 
is induced by changes in the membr -. h ' ; \ 
ids in the apoptotic ceil and eel! bodies recognised by 
lis [313- Thus, within 7-10 days post- 
castration S0% of the glandular « 
are eliminated from the rat prostate (12|. 



FTOSTATg GENE EXPRESSION DURING 
MtOGRAt»0'lE& CELL DEATH PATHWAY 
INDUCED &Y ANDROGEN ASIATICS 

1 e expres c ofase ssofge e 
during the Dlb phase of programmed death by pros- 
tatic glanduks . t i duced by androgen ablation 
(Table 1). TRPM-2, [38] calmodulin [39], and tissue 
transglutaminase [30] have also previously been dem- 
onstrated to be indi. c - 1 > < j r i ell h pes 
unc ,o g rog t i "d ceil death At the same 
time, nc t erai s rss have 
previously been demonstrated to be Involved in cell 
proliferation. Thus, as a comparison, the relative 
level of expression of these same genes was deter- 
mined during the androgen-induced proliferation re- 
grov* th >f le involute als I red 

si \ ee\ before begis 

replacement These compara < - ' demonstrate 
that the expression of c-tm/c, H -ras, and tissue txans- 
glotaminase are enhanced both in prostatic ceil death 
and in proliferation [37 j . By contrast, the expression 
of calmodulin, TRPM-2, TGF-p. [37], glutathione 
S-transferase subunst Yb, 133], and ot-prothymosin 
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137} are enhanced only during prostatic cell death, 
and not prostatic cell proliferation (Table I). 

Additional analysis demonstrated that the expres- 
sion of a series of genes are decreased during the Dla 

3ss llov g cashatioo able I) Par example, the 
C 3 siabonit of the prostatein gene {he,, the major 
secretory pr s ^tis). ornithine de- 

carboxylase {ODQ, histcne-H», p53, and glucose- 
ed protein 78 all decrea ' sving castration 
[3?]. In contrast to the decrease in the mRNA expres- 
sion of th< ^ s ; during progra'nmed ceil 
dead j v ! > stration, the expres- 
sion of each of these genes Is enhanced during the 
androgen-induced prostatic cell proliferation |37]. 

ROLE ©F CELL PROLIFERATION IN 
PROGRAMMED CELL DEATH PfSQCESS 
INDUCED ©T CASTRATION 

Using the terminal transferase end-labeling tech- 
v ect pros- 

-< t a g nd . t - sp nmed death 

dying e percentage of g i e 

\y via pregran d death in the pros! 

c - n red [8] In intact 

(non castrated) rats, 1.2% of the glandular cells die 



per day via e first da) 

following castration, this percentage increases and si 
days 2-5 posicasb-anon, I/ V o; * ^ . - v ■ 
v d death. These re- 
sults demc 

and androgen ablation-induced eihmnaiion oi glan- 
dular cells in the prostate is programs 
eel! death, and not to cellular necrosis. 

Using standard in vivo J H-ib\ r t dim pulse label- 
ling, the percent of glandular cells entering the S 
phase during the period of enhanced prostatic cell 
h r - t j durini he st wed - tc strati i 
was determined. Within 1 day following castration, 
there is an 80% decrease (P<0.05) in the percentage 
of glandular ceils entering S phase. By 4 days follow- 
ing castration there is more £ reduct 
this value. Comparing the data demonstrates that 
greater than 98% of prostatic glandular ceils die fol- 
lowing castration with sring the pi 
ceil cycle. These results con studies 
of Stiens and Heipap [411 and Evans and Chandler 
{421, which likewise demonstrated a decrease in the 
percent of prostatic glandular cells in S phase follow- 
ing castration. 

During programmed ceil death activated by castra- 
tion double-stranded DNA fragmentation of genomic 
DNA occurs and induces a :v Lepr? soi . - 
i main in G 0 This fudie process of C 0 
DNA repair has been shown to only be associated 
with, but not causally required for, prostatic cell 
death. This was demonstrate* , intact male 

rats with tridaily hydroxyurea for 1 week, which in- 
hibits both prostate-specific DMA synthesis and un- 
scheduled Go DNA repair by more than 90% for 8 hr 
following an intrapf i ion [8], Castration of 

these rats resulted in similar reductions in DNA con- 
tent and identical glandular morphologic changes, as 
compared to untreated, castrated controls. These re- 
sults confirm that programmed cell death of prostatic 
glandular cells induced by androgen ablation does not 
require progression through S phase or G 0 DNA re- 
pair. 

To determine whether androgen ablation-induced 
programmed c^ '1 c a gSanduia ceil i 

valves recruitment of non proliferating cells Into early 
portion of G t of a perturbed proliferative cell cycle, 

2i t a prostata s assessed temp 
ing castration for se-i < ieal moiecula stig- 

mata of entry into the proliferative ceil cycle [43 f. 
Norths s 1 ' assess 1 els or 

transcripts from genes characteristically activated: (1) 
during the transition from quiescence (G 0 ) into G 5 of 
the proliferative ce < C};{2 

- E, cdk2, 

ymidin a . r ' s - 5) during 
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yd n A While le /els of eac 
a i i ased expected u r - - i 
jlandular cells stfci adminis 
tration of exogenous androgen to previously cas- 
trated rats, levels of the same transcripts decreased in 
prostatic glandular cells induced to undergo pro- 
g n 4 owing and oge w thdrawal 

[43]. Likewise, androgen ablation-induced pro- 
cell death of pros t cells was 
not accompanied b) retineblas nu 'Kb) protein 
i ristk of progression from 
G; to S. This is consistent with a decrea e in the num- 
ber >i" cells en.te — ;g S ce 5 s hyn dine radio- 
? ut run on assays demonstrated 
that there is no increase in the prostatic rate of tran- 
scription of the e-myc and cfbs. genes following cas- 
tration. Northern and Western blot analysis also 
demonstrated that there is no increase in the prostatic 
p53 rnRNA or protein content per cell following an- 
drogen ablation, 3 \> '- ^ U:-i nvAr^ ^ men there 
is no enhanced prostatic expression of the WAR/ 
' . . 'no. a gene whose expression is known to be 
induced by either increased p53 protein levels or en- 
trance into Gj 1431 These results demonstrate that 
prostatic glandular cells undergo programmed cell 
death in C. vitl at 5 cruitateni into G 3 phase of a 

ecbvj v nd tr n as 
or its function are not involved in this dead? process 

To Investigate further the possible role of the p53 
gene in the programmed cell death pathway induced 
by androgen ablation, the extent of programmed 
death of <n - > ells ir the prostate 

and semina \ > " 1 ikming castration was com- 
- ?d I ec vild-iype I p5 de icies nict 
mutant mice were established using homologous re- 
ad on i< produce null mutation in both of the 
> - 1 z> ; r ' 1 1 ' , < 
prev ni an > 53 protein n these mice 

[441. Wild-type (i.e., p53 expressing) mice and p53~ 
deficient mice were castrated, and after 10 days the 
animals st c their seminal \esicfe and 

prostates remo'' , sighted, snd DN A content de- 
rminec * s * v . - • < en \ are< 
from each of these tissues. These analyses demon- 
strated that there is an Identical decrease in the wet 
weight and DNA < > the seminal vesicles 

and prostata fron did- >e d 53-defident mice 
[8]. Histological anahsss s r a"ed an 

esc tissues 

in tae two n ~ srent of ter- 

minal transferase end-labeled prostatic glandular 
cells in the two groups of animals). These studies 
demonstrate that androgen ablation-induced pro- 
grammed death of androgen dependent cells does 



not require any involvement of p53 protein expres- 
sion 0|. 

CELL KiNgnCS P»M6 ?H0«S$1OM OF 
PROSTATE CANCER 

Growth of a cancer is determined by the relation- 
ship between the rate of ceil* md t te rate 
of ceil death. Only when the rate of ceil proliferation 
is greater than ceil death does tumor growth con- 
tinue. If the rate of cell proliferation is Sower than the 
rate of cell death regressi n of lh< < ncer occurs. 
Metastatic prostate c rs sal prostates 
fern which they arise, ate sensitive t > mdn . 11 
stimulation of their growth. This is due to She pres- 
ence of androgen-dependent prostatic cancer cells 
within such meiastai : atients Tht - cells are an- 
drogen dependent, since androgen stimulates tired 
daily rate of cell proliferation ( e„ Kp) while 
jng then d (20J in the 
presence of adequate androgen, continuous net 
growth of these dependent cells occurs because their 
rate of proliferation exceeds their rate of death. By 
contrast, following androgen ablation, androgen- de- 
pendent prostatic cancer cells stop proliferating and 
activate programmed cell death (20] . This activation 
results in the elimination of these andregen-depen- 
dent prostatic cancer cells doc- the patient, since un- 
der these conditions their death rate value now ex- 
ceeds their rate of proHferatii ... ause of this 
elimination, 80-90% of all men with metastatic pros- 
tatic cancer treated with androgen ablation therapy 
have an initial positive response. Eventually, all these 
patients relapse to a state unresponsive to further 
anti-androgen therapy, no matter how completely 
given [45], This is due to the heterogeneous presence 
of androgen-independent prostatic cancer cells 
within such metastatic patients. These latter cells are 
androgen independent, as their rah 
exceeds their rate of eel van mpleh 
androgen blockage is performed [461. 

Attempts; to use non-androgen-afolative cheraothei- 
enistf usithe ' parar 
androgen b e >ei ieni rostati< cancer cells, »o hct 
their rate of death <ceeds iferati 
have been remarkable in their lack of success [47], The 
age- ts tested in pa ts t > f T ablatk ; 
have been ta k> "ed at indue N ' sge rectlj 

or indirecth dubition of D - aboiism or re- 
pair. These 1 s dly dependent on an 
adequate rate of proliferation to be cytotoxic (48]. In 
vitro cell cu s 
andKjgen-indepeadent, metastatic, prostatic cancer 
cells <-v r p ?h Kp value), 
these cells s igi \ sensjii a the induction of 
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programmed cell death via exposure to the same an- 
tiproliferative chemotherapeutic agent, which are of 
limited value when used in vivo in prostatic cancer 
sj , ' » a between the in vitro and in 

vo responsiveness { same chen 
g wr' i^. canes 

0 major d nces in the rate < ? i 
eration occarrisg in the two states. Likewise, for che- 
snotherapeutic agents to be e 1 cancer ceils 
mast have not only a critical rate of proliferation, but 
also a critical* nsirh to i or; of ceil death [501 . 
The sensitivity to induction of cell death is reflected in 
the magnitude of the rate of cell death in the untreated 
condition. 

The daily rates of ceil proliferation (i.e., Kp) and 
cell death (he., Kd) were determined for normal pre- 
malignant, and cancerous prostatic cells within the 
prostate, as well as for prostatic cancer ceils in lymph 
node, soft tissue, and bone metastases from un- 
treated and hormonaSy failing patients [5Gj. These 
data demonstrate that normal prostatic glandular 
ceils have an extremely low (i.e., <0.20% per day), 
but baSan ted at. n and death pro- 

ducing a turnover fes of 500 ± 79 day for these ceils. 

1 mon of these ceils into high-grade 
intraepitheha I N), the essos be eved t< 
he precursor lor prostate cancer, results in an in- 
creased Kp value with no change in the Kd value. As 
these early lesions continue to grow into late-stage 

jgl $ra< e PL\ their Kd increases to a point equal- 
ing Kp, This results in cessation of net growth, white 
ing a sixfold - v in the turnover time (i.e, 
56 ± 12 days) of these cells, increasing their risk of 
farther genetic changes. The transition of late-stage 
trowing localized prostatic 
cancer cells involves no further increase in Kp but is 
due to a decrease in Kd, resulting in a mean doubling 
time of 479 ± 56 days. Metastatic prostatic cancer cells 
within lymph nodes of untreated patients, have a 
108% increase in their Kp and 40% decrease in their 
Kd vaH t v as cc n > i prostatic cance 

reducing ~ v < e ol 1 days 

vfetasta i untreated 

patients have a 36% increase m Kp and a 50% de- 
crease mKd, resulting a mean doubling time of 54 ;fc 
5 days. In hormonaib 1 . ing paiie; ts there is no 
further change in Kp. An increase in the Kd for. an- 
drogen-rndependent prostatic cancer cells is observed 
wi h oh t sue c v.n 11 5 th resulting 

mean doubling times of 126 ± 21 and 94 ± 15 days, 
respectively n h< se rt > * hi- 1 -. These data desn- 

mshate that tl >ro s 1 ra or androj oeh 
- is very low 

(I.e., - , 0] explaining 

iive chemotherapy has been of such limited value 



against metastatic prostatic cells. Based on this real- 
izes on, whs i f - n 3 5 2 5 c ther- 
apy that induces thf. ^ < ipendent 
prostate cancer ceils without requiring the cells to 
proliferate. 

THERAPEUTIC iHPUCATION ©F 
PROGRAMMED CELL DSATH FOE 
«OSTAT§€ CA^CEE 

Using the human PC-82 prostatic xenograft system 
as a model, Kyprianou et al. [51] demonstrated that 
androgen ablation activates the pathway of pro- 
grammed cell death, not only in normal androgen- 
dependent prostatic cells, but also in androgen-de- 
pendent human prostatic cancer ceils. Using 
\A to label 

human PC-82 prostatic cancer cells undergoing en- 
trance into the S phase of the e ive cell c 
within 1 day following castration the number of PC-82 
prostatic cancer ec s S pi « stlinec 

from 8-10% to one-third this initial values {i.e., to a 
value. 2-3%) and that after 2 days, the proliferative 
activity declined to below !%{unpublished data). 
Combining these latter two studies demonstrated that 
the programmed death of androgen-dependent hu- 
man prostatic cancer cells induced by androgen abla- 
tion does not require these cells to so through a de- 
fective cell proliferation cycle but that these sells die 
without leaving G 0 . 

Additional studies have demonstrated that andro- 
gen ablation does 1 

process in androgen-independent prostatic cancer 
cells due to a defect in the initiation step [51] . Even 
with this defect, androg* n dent pnsstatk 

vi ice- <.°, s f\a ~ to* nen to un- 

dergo this programmed ceil si 1 < sy This was 

emonstraig using 1 \erapeutk 

\at arms >liferatin c iepe 

dent prostatic cancer cells in various phases of the 
* 1 rative ceil cycle (e.g., G t , S, or ) and that sub- 
sequently induce their programmed (i.e. , apoptotie) 
death [51). Oneexplanath - - iy of an dro- 

gen ablation to induce programmed death of andro- 
ge \ io< ep< " 1 ells 3» that such 

ablation does not induce a sustained elevation in the 
intracellular tree Ca 2+ (Caj levels in these cells. 
The involvement of an increase in intracellular free 
tm in ca prostad 
indirectly inferred from studies in which rats were 
castrated and their ventral prostates were immedi- 
ately implanted with either a placebo or a time re- 
leased pete containing the calcium channel blocker 
nifedipine [22,52,53]. Nifedipine is an L type (i.e., 
slow) caicram ch^ i - 1 si b s im volt- 
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c a ie? from extracellular pools 
xnpor >att J i ration-Indus; 
tit>c n , ^«s.cif art. pine 

treated ere i ted castrated group. 

This rifediphne-induced delay in prostatic ceil death 
is evident at days 3-7 posieastratkm [22,52], In the 
study by Marfikainen and Isaacs [22], the castrated, 
mfedspine-trealed group histologically showed jnvo- 
iution of cuboidai glandular epithelial ceils tike the 
castrated controls; however, the overall incidence ot' 
t i stincfiveiy reduced in the ni- 

igroi de > * " j 1 

■ was also significantly decreased as 
compared to the in his 

inhibition correlates well with the degree of inhibition 
obtained in pro it weight ant < A so > by nifed- 
ipine [22], It has also been shown that nifedipine 
treatment of castrated animals, while not preventing 
Induction ot certain genes such as TRFM-2, did in- 
hibit induction of c-ps [52] as well as a series of eas- 
iraiiomindudbk cDNAs that may be involved in an 
program in prostate cancer 
cells [531. These studies' demonstrated that treat- 
ments that inhibit a rise in prostatic intracellular free 
Gs 2+ concentration derived from extracellular pools 
of Ca 3+ decrease the rate of programmed cell death 
induced by androgen ablation. As a corollary to these 
inhibition studies, it has also been demonstrated, thai 
agents thai t ir Ca 2+ (i.e., calcium 

ionophores) cars activate prostatic programmed cell 
death, even in the presence of androgen [22]. 

?t 5 c cancer 

cells may not undergo programmed ceil death sec- 
ondary to ant 3gen ablation because such with- 
drawal does not induce an elevation of intracellular 
Ca 2 ^ in these cells. To test this possibility, androgen- 
independent, highly meies U he Dunning R-3327 AT- 3 

vitro to varying concentrations est the calcium iono- 
phore to; omycin to sustain various levels of elevation 
in thg their Ca 4 [55], These studi - 1 - no istrated that 
an elevation of Ca ; from a ste • - of 35 nM to 
a value as small as only three dal si seline (i.e 
100 nM) while not inducing immediate toxicity (i.e.. 
,i - ithin s hr) can in the de th of the cells if 

\e, for >12 hr. u 
s T = i ta v. ev st v se ve is ar 

( hi j 2 hr foil; g U nomydn ex- 
posure. Over the next 24 hr., these cells begin to 
fragment the ' f nomk DM initial!) in o 3 K> to 
v.. .re ha: the- degraded into 
nucleosonse-size pieces; during the next 24-48 hr, 
ilar fragn entafion in <±rc >■ 

totic bodh s 

cell dead g ? 1 > 



in which the expression of a series of genes (to be 
presented later) is specifically modified. These results 

n ns ran at even n 
dependent prostatic cancer ceils can be induced to 

gi pr< immed cell death . c 

in the intracellular free Ca 2 * is sustained for a suffi- 
cient time. Combining these latter ionomyein data 
wills the chemotherapy d&i& demonstrates that pro- 
grammed death of androgen independent prostatic 
cancer cells can be induced in any phase of the cell 
cycle and does lot necessai 
through the prolifen - * 

independent). 

Bctt BCragSSIO^ AND PROGRESSION OF 
PROSTATE CANCER TO AN 
ANDROGEIMMnENOENT STATE 

The mechanism whereby prostate cells survive an- 
drogen ablation and beco 

is not entirely clear. Androgen-sndependent prostate 
cancer cells maintain the ability to undergo pro- 
grammed cell death; thus, it appears that androgen 
withdrawal tails to initiate the programmed cell death 
pathway in these cells [51]. Possible mechanisms for 
this failure could involve i of 
genes associated with enhanced cellular survival such 
as hci-2 or mutations in gei 

be involved in triggering programmed cell death in 
response to injury or DNA damage. 

The bcl-2 gene is located on chromosome 18q21 
and encodes a -. ne-bound 26-kD protein that 

resides primarily in the out 1 sdria! mem- 
brane, nuclear em 

[56-58]. bcl-2 has been demonstrated to he an onco- 
gene in that its induced <y - 
malignant transformation [59,60]. bcl-2 is unique 
among the oncogenes, however, In that its expres- 
sion does not enhance the rate ot cell proliferation but 
instead decreases v < - g n i 1 

61, 621 The echan * > ' shot of pro- 

grammed ceil death is believed to be through the abil- 

t) - bcl-2 tc rodim m i - ai 

proteins On > s termed he 2-as 

sociated x-proiem, or BAX |63,64). When BAX is al- 
lowed to homodimeri - le eel the rate of 

r ath is enhane 

ropotci ..c k -x Z "i. vhu- v - , ^ ■> 
such bcrmodiraerizatinn through heterodsmerixation 
with BAX [6 ' v ► i - o > yores ecreases 
the rate of programmed cell death by malignant he- 
matopoietic noi ' 1 usto a ceils 
induced by a wide variety of chemo therapeutic drugs 
i - ress or of the bcl-2 p v ~ 
ukeuase can 
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onstrated ^ai overexpressson of the bci-2 protein in- 
duced by DNA tram .enon of an exogenous bcl-2 
gene in the Dunning AT-3 rat prostatic cancer ceils 
prevents this programmed death LniHated by lytic in- 
fection with the RNA Sindbis virus. 

Wtihi? \ z ment of She no -^ai 

prostate, bd-2 is expressed by the basal epithelial 
ceils, neuroendocrin - 1 trinar ym 

< ' — helia! cells 

170-72], These bci-2-negative glandular ceils are the 
major and , 4 • < >ii type tsent within 

the gian<, a * 1 ells are als< tils of origin 

for most human prostate adenocarcinoma [73]. Mc- 
Donnell el al. [70] initially reported that there is & 

en > bci-2 exs ses- < j 
metastatic d ■ sdependent human 

prostatic cancer cells. Similarly, Colombel et al. [71] 
confirmed the enhanced frequency of bci-2 expres- 
sion art hormone-refractive prostate cancer. Shabaik 
et al. ('721 have demonstrated that the malignant pro- 
gression, of norma! prostate glandular ceils to either 
high-grade PIN or localized stage 8 prostate cancer is 
raneiy (Q% and <7%, respectively) associated with 
bc!-2 prot<?in exp - a mote extensive 

study J ruya e ai [74 de 5 si < that 17% ai 
eated patients with pat . k 
sge DI disease were bcl-2 positive- In 
stage D2 diseas*. 53 oi nm treated and 

42% of hormonal failure patients had bone roe- 
\ \ no statis- 

al dif na seen between the two groups [74]. In 
this study there was no correlation between histolog- 
ical Gkason grade and bcl-2 expression [74], 

In this same study, Furuya et al. [74] determined 
bcl-2 expression in a series of eight Dunning R-3327 
rat prostatic cancer sublines. The cancer cells in the 
slowest growing, androgen-responsive, nonrneta- 
statkt H subline die t have tec t 
sion. It ma « b these tumors are cas- 

trated, the H tumor stops net growth for 1-2 months 
nd then re se occurs \ < growth oi 

s subse ) re-exis \% drogen-indep* deni m 
cei cells, termed HIS subline While androgen 
independent, the HIS subline also does not have de- 
tectable bd-2 expression, A second subline., ihe G 
subline, is composed oi androgen-responsive, hut: 
H subline, does 

not express bci-2. However, when animals bearing 
the G tumor are - e t rate slows but 

does no; stop ana these s nx tumors now 
stain positive for bcl-2 L pre iation o bci-2 follow- 
ing castration may explain why these ceils are only 
androgen responsive and not truly androgen depen- 
dent. Fina 1 he a* gen-mde 



pendent cell hue 1 '< 

statistically significant association of bci-2 expression 
with progress or to drogi i \ce {74} 

These data demonstrate thai, in both human and 
rat prostate £ - cession ol an« 
the retasta , n-independen henotype is 
i P2 v pres 

sion [70-72 However bci-2 e: - m Is not an 
absolute requirement foi f ssior as of 
lymph node metastases, and 47% of bone metastases 
in hormonaiiy untreated patients were negative for 
bcl-2, while S8H ol bone metastes were neg 1 
ix:i-; n \ itier ts hi ?y : 74j. 

Why bcl-2 is only expressed in some, but not all, 
androgen-sndepend< it; j s is unclear, 

but several explanations are conceivable. First, there 
could be multiple pathways for progression to an an- 
drogen-independent metastatic phenotype by pros- 
tatic cancer ceils, only one of which is effected by 
bd-2 expression. Alternatively, bd-2 expression may 
not have a direct ability t ndc xlfk devel 

oprnent of an androgemindependent metastatic phe- 
notype., but instead have an indirect ability to in- 
crease survival {clonal expansion) of random genetic 
variants developing stoicastically doe to the genetic 
instability of prostatic cancer cells f 75,76]. Since some 
of these new] - g do > 
netic changes required tor the androgen-independent 
type, the increased survival of such 
novel clones stoicastically via bcl-2 expression would 
indirectly increase the progression to a more malig- 
nant phenotype. 

Consistent with this indirect mechanism, Funsya 
et al. |74] demonstrated that when bcl-2 nonexpress- 
ing androgen independent, highly metastatic AT-3 
rat prostatic cancer cells wen ( engineered 
so overexpress bd-2,. these cells acquired an increased 
resistance to a variety of noxious insults. The mech- 
anism for 1 . such a rrn 
tidrug cross-resistant state is unknown, in this sys- 
tem, bcl-2 expression did not change the kinetics or 
extent oi early v jti n the first 24hr)n INA induced 
by the various agents. Nor did such bci-2 expression 
inhibit the ear!} t vithbs 3 kn tior n G 
induced >y ionomyc s d bcl-2 
protei pression did in > - 
netics and extent oi DNA and cellular fragmentation 
into apeptot c c i j - is di ced ah o 24 ir of exposure 
to ail the agents test - ies« suits ;monstrated 
that bci-2 pr< e in ?f e ts a late step in the biochemical 
cascade of programmed cell death commonly in- 
duced by all the viral and chemical agents tested. 

t nt agents (Sind- 

bis vims, 5-FrdU, 4HC, ionomydn. TG) are very dif- 
ferent, this sogg hat wf < csl r. 
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way for initiating programmed ceil death can be 
varkbi t biochemical pathwa; > - < \\ his 
process s - je te < aimon ste- 

reotypic siepfs), at least one of which is inhibited by 
bci-2 expression {?7\. 

Finally, although bci-2 expression appears te be 
associated with progression of both human and ro- 
dent pros i s an explanation for how 
this occurs Is unknown. One mechanism for such 
bd-2 expression daring the progression of prostatic 
cancer could he thrt » the p53 tumor sup- 
pressor pathway. Miyashita etal. [78] have presented 
evidence that p53 expression decreases the expres- 
sion of bd-2 and increases the expression of Bax. 
Such an explanation is consistent with the demon- 
stration by Navorse et al. [791 that p53 mutations, 
while infrequent in earl} sta; : static can- 
cer {<I0%), are associated with the progression of 
prostatic cancer from a localized to a bone metastatic 
In this regard, it 

may be more than simple coincidence that 5Q% of 
such prostatic cancer bone metastases have both p53 
mutation [79] and bd-2 protein expression [74]. Stud- 
ies to test directly whether p53 mutations and bd-2 
; ized wifnn the Vine hu- 
man prostatic cancer ceils within bone metastases are 
?e rformed by dual tmmunocytochemica.1 stain- 

ig R.«ga di s of tl ese esuiis i is dear that the 
- - ance of detectable expression of bd-2 
by prostate cancer ceils is thai it is z predictor of ag- 
gressive clinical behavior. Since bci-2 expression tines 
not correlate with Gleason score, immunocytochem- 
kal staining for bd-2 expression may well be an in- 
dependent" and thus useful, adjuvant to histological 

i pea? hi utvior o prostatic 

cancers. 

raOUFEIWTiON-irroEPENDENT 
THCRAPEUTIC APPROACHES FOR 
AHSmOGSHI-lflgSS^e^DIHT PROSTATIC 
CAMCS& CILLS 

There are at least three cell proliferahon-indepen- 
dent methods in increasing the death rates of andro- 

h k pi - s - . ; si er cell ; rsf a; 

preach is to stimulate the host immune system to 
evoke or enhance a cytotoxic antitumor response, 
sine > imm v v required 

« a jetceli prol erate The second approach is 
to block the i $ - pmeni of tumor blood sup- 
ply. Both the growth and metastatic ability of cancers 
are critically depend >n the 2 of the cancer 
cells to induce the development of new blood vessels 
fie termed giog - SOj. If su ssful, such an 
antiangiogemc approach woold limit the growth of 



antirogen-independent prostatic cancer via hypoxia 
induced tumor eel! dea lode; s srnide s an 
orally active agent that irs preclinical animal models 
inhibits both the developn ust - i 

and dins honor blood flow [81h Because of its antian- 
giogeruc abi 

n. it - 1 
menf and growth' of metastat e 8 83]. Using 
a series of rat prostate cancer r-ubl 
widely in their rate of growth, androgen sen? ti ity 
metastatic ability, and degree of morphological dif- 
ferentiation, the therapeut t mide have 
been demonstrated to be independent of the growth 
rate of these cancers [82]. 

The third approach is to use an agent that activates 
the programmed a 3 tin at dro- 

gen-indepentient prostatic cancer ceils. It has been 
demonstrated that elevation of intracellular Ca 2+ 
with ionophores can induce programmed cell death 
In androgen-independent celts. A sea nd igent t 
has been shown to increase intracellular Ca* ' to in- 
duce programmed cell death in prostate cancer cell 
lines and may lie 

sesquiterpene ^-lactone isolated from the root of the 
umbelliferous plant. „- • < ■*>:-( [86,87]. Studies 
i - » Jen ms ited that the Ca 2 * dependence for TG 
effects is attributable to the fact that this highly li- 
pophilic agent enters cells and interacts with the 
Ca~ *~ATPase present in the endoplasmic reticulum 

! bibbs its zymatic activity 
value of 30 nM [88]. Such inhibition is not only effi- 
cient, but also highly specific, since neither the 
plasma membrane nor red blood cell C a' "ATI 
inhib ted by TG, even at o > s [88] Re- 

cently, it has been demonstrated that sequestered 
Ca 2+ m the ER is constantly "leaking''' out into the 
cytoplasm of the cell and that the ER-Ca 2+ ATpase is 
constantly pumping this free Ca 2 * back into the se- 
qs sts red t Tons,, \\ hi ce - 

permeable TG inhibits the ER-Ca + ATpase pump, 
the leaking Ca 2+ from the ER is no longer pumped 
back into a sequestered form, resultu g s tin th - 
to fourfold elevation of the C&j. Such a primasy ele- 
vation of Ca ; leads to a depletion of the ER Ca~ + pool 
and, in many cell types, this results in a signal being 
generated that induces a change in the perm- biltiy 
of the plasma membrane to extracellular divalent cat- 
ions, pan: asiar < adin due te the 
high bee Ca 2 * concentration extraceliuiarly (i.e., 1-3 
v 58 litis produces a set $ J ition in the 
Ca, : that is sustainable (i.e.. ntin-hours) if the TG inhi- 
bition is maintained |g&]. Based on this backgrou \d 
the ability of TG n i h Ca, it 
to activate programmed cell death in androgen-inde- 
cells was tested 
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Initially, so vstro testing was performed on a series 
of androgen-independent prostatic cancer cell lines of 
rat (i.e., AT-3 cells) and human (i.e., TSU-pr, DU-145, 
and PC-3) origin. TG was shown in microsomal prep- 
arari o proouc '' - ' BR Ch 

TFass s . ea - ' ?s [85] Based 

on these results, each of these four ceil lines was 
chronically exposed to 500 nM TG. Using Fura-2 flu* 
orescent - hi fu treatment re- 

sulted in a two- to 1 Ca, levels 

from baseline values within 1-2 nan of initial expo- 
sure, and this elevation of Ca: was sustainable for 
>24 hr [85]. 

Chronic exposure of each of the four distinct an- 
drogen-independent prostatic cancer cell lines to 500 
nM TG was found to arrest these cells in the Gg/G 5 
phase of the ceil cycle. This G</G 5 arrest was com- 
plete by 24 hr of continuous 500 nM TG exposure, it 
£ < i after a 24-hr kg pe- 

riod, the cells begin to fragment their DMA (i.e., to 
skes s-300 kb) and that by % hr of treatment, 2:95% 
; ragmented their DNA, regardless of 
cell line tested {BS}. The temporal pattern of DNA 
fragsnentaSion ,wm : t%htly correlated with the loss of 
elonogenic ability by the cells for each of the four cell 
lines (i.e., 72 hr .r > reatnw ti 'or 50% of 

the cells to fragment their DNA and 5 
donogt c >iiit ; rime-lapse v icros 
todies demoi rate< i < - > og hanges b 
gin to occur within 3-6 h G exp sore >) 

24 hr of TG treatment, cells are smaller in size and 
•roaaded in ; ry . At 72-120 hr TG treatment, 

the cells undergo a period of plasma membrane hy- 
peractivity characterized by the production of plasma 
These susface blebs are 
, g • d) namie, coming and going on the surface 
and g „ earance of the membrane boiling pre- 
: for ionomyefo-induced programmed 
ceB death of AT-3 prostatic cancer ceils [22J. These 
I hat the initiation < 

>n b occurring in viable nonprolif- 
erafing (he . from each of the four distinct 
andrcgen-independent prostatic cancer cell lines 
tested, 24-48 hr before these ceil lyse, and thai this 
DMA fragmentation is not the result of a loss of met- 
abolic x ib; in (i loss < ii or plasma 
membrane function). By contrast; the data are con- 
sistent with the initiation of DNA fragmentation as 
the irreversible commitment step in the TG-induced 
program© c nproSs c ndrogen-in- 
dependent rodent or human prostatic cancer cells. 
Analysis of mRN A express- on of th< rie s o f genes 
d to be enhanced during the 
t c vcli^ in- 
duced by androgen ablation demonstrated that TO 



treatmes * am gen sndepeF lent prostat * 
cells like nisioane ;enetk rep m n< 1 

the cells. AT-3 rat prostatic cancer cells were treated at 
0-36 wi FG, 10 jiM ionors vein c r 

100 |*M S-fiuordeoxyuri-dine (5-FrdU). Previously, we 
have den on cancer cell mu« v 

progress through the proliferative cell cycle in order 
for 5-Frcli to Induce their programmed cell death [51{. 
By contrast, TG and s nycirt in s 
Son-independent program?*! - . >{ G 0 cells. 
These results demonstrate tha t within I hr of either TG 
or ioriomycin treatment, expression of several of these 
genes is already elevated (e.g., a-promymosin, cal- 
modulin, ornithine decarboxylase [ODCJ) and that by 
6 hr additional genes expression is enhanced (e.g., 
glucose-regulated protesn-78 (GRP), c-myc). Many of 
these enhancements are acute, wife expression de- 
creasing at 24 hr of treatment. There are sr.a;o. < fer- 
enees in gene expression <. u 
dependent programmed dea 
ionomycio and the proliferation-dependent death in- 
duced by 5-FrU (e.g., in the latter, c-myc, calmodulin, 
and prothymosine are not induced, while H-rss and 
TRPM-2 are Induced) [84,85], These results demon- 
strate that the programmed death induced by ail these 
agents involve an active epagens tic reprogramming • «' 
the cell and the pathway iducec 
identical to that induced by ionomycin, but distinct 
from that induced by 5-MJU. 

The aforementioned studies have served to iden- 
tify the endoj smicn sepumpa 
a potentia ew ther <. pro 

grammed cell death in norp^< n t 
dependent prostatic cancer cells. Therefore; TG could 
represent a novel approach to treatment. However, 
using TG as a therapeutic agent would be difficult for 
o o v si 5 ~ % ' \~ t 

crosses the plasma membra* o >,,. „ cc 

rapidly absorbed without re ' £ .a 

the target tissue. Secondly, an agent that is capable of 
killing cells quieseo-o n G would be fficuit to ad- 
minister systematically without excessive toxicity, 
since most cells in human tissues are differentiated 
and not proliferating. However, if 1 , 
rivatized to an inactive prodrug form and targeted 
specifically for acrivation by prostatic cells, it could 
jossihh t sei is a ler yes i, while 

avoiding significant systemic toxicity. 

Current!} « ! sing on develop- 

ing a method to sp« :a si static cancer 

cells by taking advantage of a unique attribute of 
these cells 

gen PSA) i t o bo a serine pi 

tease wi byrno , >ins- ke s rate eeifidt 
that is enzymaficaUy active In seminal plasma [90,91] 
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while enzymatkaily inactived in the Hood serum 
[92] . in collaboration with Dr. Hans tiija, (Lund Uni- 
versity, Swedes?}, we are attempting to develop a pro- 
drug form of TG that const s ptide carrier 

representing a unique proteolytic cleavage site for 
PSA [93]. TG is being modified to a derivative by Dr. 
5 5 ;ge rC s tenser soyal - 1 x ooi of Fhar- 

1 i ^ " * - . t ! 

carrier peptide 194]. The TG derivative will thus be 
proieoiydcally released only in the vicinity of PSA- 
secreting prostate cancer cells, thereby specifically 
targeting these cells, while avoiding systemic toxicity. 

CONCLUSION 

Androgennndependent prostate cancer is cur- 
rently not < able with stands* 3 erative che- 
ers vis. Wri reas the normal prostate 
i , >t prostatic < en- 
ters undergo programmed eel death upon androgen 
withdraw; dependent cancers do not 
However, these androgen-independent prostatic can- 
cer ceils maintain the machinery for activating the 
■ j msned ceil death cascade. A new strategy for 
j thapsisgargin, involves in- 
using r s. to underg< 
programmed cell death without requiring eel! prolif- 
eration. Further work is needed to better characterize! 
s nh pathway with an eve to- 
- apeutfc agents that can 
b - Dcess in prostate cancer and in human 
cancers m general 
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